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ABSTRACT
A new technique to determine relative sea level history at siliciclastic settings is proposed
in this dissertation. The clinoform break (defined as the topset-foreset transition point) of the
modern Mississippi River Delta shows a direct relationship with sea level elevation.

The

analysis of Holocene lobes 8 and 9 belonging to the St. Bernard delta complex of the Mississippi
Delta suggests that delta clinoforms can be significantly modified by post-abandonment
processes, and hence a detailed stratigraphic evaluation is necessary to determine whether the
clinoform geometry is a result of wave erosion or any other post-abandonment processes. The
strategy was tested on Lagniappe delta, where a detailed understanding of stratigraphy and some
age control was available. The relative sea level curve at the Lagniappe mimics the pattern and
magnitudes of eustatic curves for the last glacial cycle. However, there is an offset in timing of
the Lagniappe relative sea level record and eustatic curves proposed by δ18O and numerical
modeling studies. This offset is probably a reflection of the isostatic adjustments associated with
the northeast Gulf of Mexico. To extract the eustatic record from relative sea level history and to
obtain a more refined understanding of isostatic adjustments affecting sea level changes, a global
grid of relative sea level records must be generated. The clinoform break technique opens up
such a possibility to develop relative sea level records from tectonically-stable passive margins
where shelf-margin deltas have been identified and described. Evaluation of undated clinoform
breaks from shelf-margin deltas offshore Mobile and Pensacola bays suggests that in the absence
of age control a clear understanding of relative sea level changes during the last glacial period
may not be obtained.

vi

CHAPTER 1
INTRODUCTION
Future rates of relative sea level rise due to increased global warming, and its effect on
coastal areas throughout the world is a major concern to the geological community today (e.g.
Douglas, 1997; IPCC, 2007). Sea level can directly influence global climate by a variety of
physical mechanisms. For example, by changing the nature of atmosphere-surface interface, sea
level changes can alter the transfer of heat, moisture, and momentum between the surface and the
atmosphere (Barron and Thompson, 1990; Ledwell et al., 1998). In addition, sea level can alter
ocean currents by introducing or removing geographic barriers (Barron and Washington, 1984).
Ocean currents are a principal means of transferring heat from the tropics to the polar regions
and play a crucial role in controlling some regional climates of the present (Pinet and Popenoe,
1982; Berggren, 1982). In this context, it is important to understand rates, associated time-scales
and causes of sea level fluctuations.
MECHANISMS OF SEA LEVEL CHANGE
Average sea level varies over a wide range of time and space scales. Over short timescales of days to several years, sea level changes are local from < 1 m up to 10 m. For example,
change in sea level due to wind-driven waves last for seconds; lunar tides cause an everyday
change in sea level; seasonal storms can raise sea level for several days; and thermal expansion
of oceans can change sea level over months to decades. Long duration sea level changes occur
over periods of several thousand years to several million years. Advance and retreat of major ice
sheets at the poles cause > 100 m of sea level change over periods of 100,000 years. The effect
of changes in ocean-basin configuration over millions of years can be greater than the effect of
ice volume on sea level. Opening and closing of ocean basins combined with variable spreading
1

rates at spreading centers and ridge-crest length cause the ocean volume to change, hence
affecting the level to which water rises with respect to the continents. This dissertation is
focused on a new technique of reconstructing the magnitude of relative sea level changes
associated with growth and decay of ice sheets since the last glacio-eustatic lowstand.
SEA LEVEL ELEVATION AT THE LAST GLACIAL MAXIMUM
The issue of precise levels to which sea level was depressed at the Last Glacial Maximum
(LGM) is important for a number of reasons. During the LGM, large ice sheets covered high
latitude Europe and North America and the Antarctic ice sheet was more extensive than today.
The Earth‟s climate was distinctly different from present day interglacial conditions.

The

dominant contribution to sea level change since the LGM has been the exchange of mass
between ice sheets and oceans. The sea level changes, thus, are good indicators of growth and
decay of ice sheets and, thereby, provide boundary conditions on models of climate change.
Additionally, being the latest sea level lowstand, LGM sea level offers the best opportunity to
constrain long-term sea level fluctuations to help predict future changes.
It is well established that sea level was significantly lower (> 100 m below present sea
level, bpsl) during the LGM, about 20,000 years ago. The exact amount by which sea level was
lowered during the LGM is not precisely known. Several techniques have been employed to
unravel the history of sea level rise since the LGM. One of the most successful proxy records of
sea level change is obtained from the oxygen isotopic ratio measured on the calcite shells of
benthic foraminifera (e.g. Shackleton and Opdyke, 1973; Shackleton, 1974; Duplessey, 1978;
Imbrie et al., 1984; Chappell and Shackleton, 1986; Shackleton, 1987; Labeyrie et al., 1987;
Martinson et al., 1987; Schrag et al., 1996; Shackleton, 2000; Schrag et al., 2002; Waelbroeck et
al., 2002). Calcium carbonate precipitated from sea water records a combination of information
2

concerning the isotopic composition of the water and the temperature at which the calcium
carbonate was secreted.

Therefore, assuming that deep water temperature does not vary

significantly over time, the

18

O/16O ratio can be used as a proxy for global ice volume

(Waelbroeck et al., 2002). However, the eustatic records based on benthic curves do not always
match sea level estimates based on direct records from coral reef terraces. The disparity is
usually attributed to deep-water temperature effects on the δ18O record (Shackleton, 1987;
Chappell and Shackleton, 1986; Labeyrie et al., 1987). A second type of indirect method to
derive a paleo sea level record is by numerical modeling based on ice-sheet volume and extent
(e.g. Hughes et al., 1981; Nakada and Lambeck, 1987; Fleming et al., 1998; Peltier, 1994; 1998;
2002; 2004; Lambeck and Chappell, 2001; Lambeck et al., 2002; Bassett et al., 2005; Peltier and
Fairbanks, 2006).
One of the most reliable and well-known methods of estimating paleo sea level change is
by using age-depth relationships of corals (e.g. Barbados – Fairbanks, 1989; Bard et al., 1990;
Peltier and Fairbanks, 2006; New Guinea – Edwards et al., 1993; Tahiti – Bard et al., 1996;
Huon Peninsula – Chappell et al., 1996).

Reef-crest corals (e.g. Acropora palmata) are

considered as outstanding indicators of sea level since they live within a few meters of sea level
and are not subject to extensive transport (Fairbanks, 1989). Primarily based on the coral
records, the conventional view is that sea level has risen ~ 120 m since the LGM. Holocene
brackish water peat deposits in close proximity to late Pleistocene subaerial exposure surfaces
also provide good stratigraphic indicators of paleo sea level (e.g. Curray, 1960; 1965; Shepard,
1960; Emery and Garrison, 1967; Frazier, 1974; Matthews, 1990; Tornquist et al., 2004).
However, the methodology of using peat has been criticized by some researchers because a
precise relationship between peat and sea level is not known (e.g. Dokka, 2006). Two high3

resolution sea level records of LGM and post-LGM sea level rise have been derived from the
Gulf of Bonaparte, Australia (Yokoyama et al., 2000; 2001) and Sunda shelf in southeast Asia
(Hanebuth et al., 2000), respectively. The Sunda shelf record, obtained from radiocarbon dating
of mangrove samples, mudflats and other siliciclastic deposits that formed in a microtidal
environment with a tidal range of < 2 m, suggests that the LGM lowstand was at 116 m ± 2 m
bpsl 21,000 years ago (Hanebuth et al., 2000). On the other hand, an Australian record based on
water-depth sensitive microfossil assemblages (foraminifera and ostracods) argued that at that
time, LGM lowstand was 135m bpsl (Yokoyama et al., 2000; 2001). LGM estimates based on
the above mentioned techniques differ by ~15m, the equivalent to the present day ice volume of
Greenland and West Antarctica Ice Sheets combined (Denton and Hughes, 2002).

Large

disparity in relative sea level changes is probably due to variable isostatic and tectonic influences
operating in the different regions.
STATEMENT OF THE PROBLEM
At any specific location, relative sea level data (i.e. sea level relative to a near surface
datum) is a combination of factors – eustatic changes (i.e. sea level changes as measured with
respect to the center of the earth), local isostatic adjustments (e.g. due to changing loads of ice,
water or sediment) or other elevation adjustments due to compaction, salt or shale withdrawal,
faulting, etc. (Fig. 1.1). Earth‟s response to ice sheet loading and unloading depends on the
distance from ice sheet margins. Continental margins overlying thick, rigid continental crust
should respond to load differently than regions overlying oceanic crust.

Besides isostasy,

changes due to tectonic processes also greatly affect the relative sea level history of a region (e.g.
Barbados, which is located on an accretionary prism of a subduction zone). The oxygen isotope
(e.g. Shackleton, 1987; Waelbroeck et al., 2002) and sea level records derived from numerical
4

modeling (e.g. Peltier and Fairbanks, 2006) are considered to be reliable measures of eustatic
change. However, the direct records against which these estimates are calibrated were obtained
using age-depth relationships of corals, peats, microfossils, etc., are relative sea level records that
include other change components, i.e. isostatic and tectonic factors that are applicable only for a
specific location.

Fig. 1.1: Sketch showing difference between eustasy and relative sea level change measured at a
location. The land has subsided post-LGM, and hence its position at present is not the same as it
was during LGM. The result is a prediction of deeper relative sea level than eustatic sea level at
LGM. Figure is modified from Allen and Allen, 1995.

To obtain a comprehensive understanding of global eustatic changes, and hence to
constrain the volume of ice sheets at the LGM, more relative sea level observations are required
from tectonically stable regions where the only contaminating variable is isostasy. Several
researchers have noted that the number of sea level observations available is not sufficient to
5

constrain a global eustatic average for the LGM (e.g. Pirrazoli, 1996; Lambeck and Chappell,
2001; Lambeck and Purcell, 2005). It is thus necessary to obtain a global grid of relative sea
level observations from siliciclastic settings along tectonically stable passive continental
margins.
DISSERTATION OUTLINE
This dissertation proposes a new technique of measuring relative sea level changes using
delta morphology at passive margins.

The close proximity between deltas and their

corresponding sea level has long been recognized, however, the precise relationship between
morphology of a shelf-margin delta and sea level elevation has not been evaluated in detail. The
plausibility of defining such a relationship and then using it to decipher paleo sea level history is
explored in this project.
Chapter II describes the relationship between modern Mississippi River Delta and sea
level elevation via detailed bathymetric analysis of the delta morphology. The morphological
feature used to define the relationship is the clinoform break – the transition between a delta‟s
topset and foreset beds. Because the modern Mississippi Delta has locally prograded to the shelf
edge, it is proposed here that the relationships between clinoform break and water depth may be
applicable to establishing LGM and post-LGM relative sea level changes from ancient shelfmargin deltas.
In Chapter III, the relationship is applied to Holocene lobes of the Mississippi Delta that
were constructed when paleo sea level elevations were similar to today‟s sea level elevation.
The purpose of this chapter is to quantify the degree to which post-abandonment modifications
(e.g. subsidence and ravinement) altered delta morphology.

6

Chapter IV tests the plausibility of using the clinoform break strategy on a LGM shelfmargin delta in the northeastern Gulf of Mexico – the Lagniappe Delta – to see if the strategy
produces meaningful and reproducible criteria for relative sea level changes during and since the
LGM. The Lagniappe Delta is unique because detailed stratigraphic control and considerable
age control are available for the delta, unlike many other shelf-margin deltas from offshore
Texas and other parts of the world (e.g. European margins) that are assumed, based on sequence
stratigraphic criteria, to be of LGM age.
Chapter V is an evaluation of undated shelf-margin deltas to the east of Lagniappe Delta.
Detailed stratigraphic analyses have already been conducted for this area. The technique was
applied on this system to estimate corresponding paleo sea level and to evaluate the evolution of
relative sea level changes within the context of conventional interpretations of oxygen isotopic
records.
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CHAPTER 2
SHELF-MARGIN-DELTA MORPHOLOGY AS AN INDICATOR OF PALEO SEALEVEL: CLUES FROM THE MODERN MISSISSIPPI RIVER DELTA

INTRODUCTION
The most detailed and reliable estimates of relative sea level (RSL) changes since the
last glacial maximum (LGM) were obtained from radiocarbon and U/Th dating of late
Quaternary coral reefs [e.g. Barbados (Fairbanks, 1989); Tahiti (Bard et al., 1996); Huon
Peninsula, New Guinea (Chappell et al., 1996)]. It has long been recognized that these and other
studies of past sea level elevations actually measure the present-day elevation of the LGM- and
post-LGM-age deposits (Hughes et al., 1981). The difference between the present-day elevation
of LGM deposits and the actual LGM sea level results from subsequent isostatic adjustments of
the land surface. Unfortunately, at no one location can the invariable eustatic component be
uniquely deconvolved from the local isostatic effect. In 1996, Pirazzoli compiled all available
LGM sea level estimates and noted that the number of observations were too few to give a welldistributed sampling of post LGM RSL change.

To obtain estimates from outside of the

equatorial belts, strategies applicable for non-reef settings have been explored. For example, on
the Sunda shelf in Southeast Asia, Hanebuth et al. (2000) estimated RSL changes based on C14dated samples of mangrove, to unravel post LGM sea level history. Elsewhere, Yokoyama et al.
(2001) analyzed and dated water-depth sensitive microfossil assemblages (foraminifera and
ostracods) and sediment facies to discern RSL changes from Bonaparte Gulf, northwestern
Australia. The estimates of post LGM eustatic levels suggested from these two studies differ
significantly from each other, i.e., by ~15 m, and from estimates derived in previous studies of
carbonate reefs (Fairbanks, 1989; Bard et al., 1996; Chappell et al., 1996). The ice volume
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associated with a 15m sea level change (5.6 x 106 km3) is equivalent to the effect of Greenland
and West Antarctic Ice Sheets combined (Denton and Hughes, 2002). The large disparity in
these estimates may reflect imprecision and/or uncertainty of one or more of the techniques.
Conversely, perhaps the disparities are an accurate measure of Earth‟s variable isostatic response
from locale to locale. Clearly, a more global-scale view of RSL change estimates is needed to
resolve this dilemma (Lambeck and Purcell, 2005; Miller et al., 2005).
A new technique to estimate the magnitude of RSL change is explored in this study based
on the morphology of siliciclastic deltas. The approach has the advantage of being applicable at
either high or low latitude margins where ancient shelf margin deltas were constructed. The
study evaluates whether there are objective and reproducible criteria by which the Mississippi
River Delta (MRD) morphology can be directly related to sea level elevation. Although the
MRD is a highstand deposit, it has locally prograded the coastal plain and lower delta to an outer
shelf position (Coleman et al., 1998). Thus, the Balize lobe (Fig. 2.1) is the world‟s best modern
analog to a lowstand deltaic system. This unique situation permits direct observations of the
relationships between shelf-margin-delta (SMD) morphology and sea level elevation.
METHODS
The MRD has an overall topset-foreset-bottomset configuration as defined by Gilbert
(1885). The topset extends from a subaerial lower coastal plain, but at its basinward end it
becomes a shallow-water subaqueous platform.

The foreset and bottomset are entirely

subaqueous and constitute the delta front and prodelta settings, respectively. It is hypothesized
that the transition between the topset and foreset, here referred to as the clinoform break, shows a
direct relationship to mean sea level elevation. This usage of the clinoform break term is
analogous to the definition of shelf-break proposed by several authors (e.g. Vanney and Stanley,
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1983; Adams et al., 1998; O‟Grady and Syvitski, 2002). On two-dimensional transects, the
clinoform break ideally marks an inflection basinward of which the gradient generally increases
and then becomes constant until a second inflection associated with the transition between a
basinward dipping foreset and subhorizontal bottomset is reached.
To define the clinoform break in a manner consistent with all types of morphologies, the
first major increase in slope was selected. More than 300 bathymetric cross sections across the
MRD‟s modern Balize lobe were evaluated (Fig. 2.1). All the cross sections are presented in
Appendix 1. The delta was subdivided into 5 sectors (I-Southwest Pass; II-South Pass; IIISoutheast and Northeast Passes; IV-Pass-a-Loutre and North Passes; and V-Main Pass) such that
each sector includes at least one major distributary flanked by interdistributary areas on either
side (see Fig. 2.1). This division was done to systematically study changes in morphology of the
delta from the Southwest Pass to the Main Pass areas. Bottom profiles were created from digital
bathymetric data obtained from the National Geophysical Data Center (NGDC) database. The
principal component of the database is 3-arc-second (~90m) elevation grids, of areas 1° in
longitude by 1° in latitude, in which elevations were resolved to 1/10 of a meter. All cross
sections were oriented perpendicular to the contour lines starting at the coastline and extending
toward the shelf edge (Fig. 2.1).
All bathymetric cross sections were created using RiverTools ®, a software developed by
RIVIX, LLC Software development Company.

Raw data obtained from RiverTools was

smoothed using a linear spline function on Matlab. Slope (which is the seafloor gradient) was
calculated as the first derivative of the seafloor. In addition to linear spline function, smoothing
of data can also be achieved by, e.g., running a 5-point moving average through the raw data.
Both the techniques, however, yield very similar results (Appendix 2). To analyze and classify
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the subtle changes in the seafloor, the cross sections were evaluated at 80:1 vertical exaggeration.
The distance between individual points of observation for all profiles was 250 m. This distance
was appropriate because it smoothed out the large irregularities of the order of 2 – 3 m in the
seafloor profile, which were responsible for erroneous slope values. Averages and error of
clinoform break water depths are reported within 95% confidence interval.

Fig. 2.1: Subdivision of modern Balize lobe into 5 sectors (sector division shown by dashed
lines and roman numbers) and spatial distribution of the two types of deltaic morphology. The
red lines show locations of five bathymetric cross sections (shown in Fig.2) evaluated in this
study. Also shown are the major distributaries: 1 = Southwest Pass; 2 = South Pass; 3a =
Southeast Pass; 3b = Northeast Pass; 4a = Pass-a-loutre; 4b = North Pass; 5 = Main Pass
15

RESULTS
More than 80% of the cross sections were classified into two general categories (Type-A
and Type-B) based on their overall morphologies. The remaining cross sections (mainly from
the eastern side of the MRD, Sector V) did not show any significant topset-foreset morphology
(Fig. 2.2D) owing to the low accommodation space available at their inner shelf position, and
thus were not considered further. In the Type-A deltaic morphology (Fig. 2.2A), an abrupt
change in slope (i.e., over an average horizontal distance of 1

0.4 km, Fig. 2.3A) marked the

boundary zone between a gently dipping topset and a concave-upward foreset. These Type-A
clinoform breaks were at water depths of 3

2 m (Fig. 2.3B) and characterized delta morphology

at the mouths of distributaries in Sectors I, II, III and IV (Fig. 2.1).
Type-B morphologies (Fig. 2.2B) had a gradual change in slope (i.e., occurring over an
average horizontal distance of 3.4

1.6 km, Fig. 2.3A) between a gently dipping topset and

steeper but planar foreset beds. For some Type-B clinoform breaks, deviations from regular
topset-foreset morphology were associated with slumping (Fig. 2.2C). Diapiric structures at
distributary mouths in Sectors I and III produced anomalously high numbers of slope values,
which were not considered in determination of clinoform break elevation and location (Fig.
2.2E). Most Type-B clinoform breaks were from interdistributary areas in the southern and
southwestern parts of the delta (sectors I, I, and III) at water depths of 7 ± 4 m (Fig. 2.1, 2.3B).
In general, the clinoform breaks became progressively shallower from the southwestern part
to the eastern part of the delta (Fig. 2.4). The shallowest clinoform breaks were observed at
distributary mouth bars and for much of the delta, clinoform break water depths generally
increased towards the interdistributary bars (Fig. 2.4). Type-A clinoform break water depths
range from ~5 m at Southwest Pass (Sector I) to ~1 m at Main Pass (Sector V). On the other
16

Fig. 2.2: Clinoform break defined at the
point of a major increase in slope: A. TypeA morphology, note that the transition from
topset to foreset is abrupt; B. Type-B
morphology showing a gentle transition
from topset to foreset; C. Profile showing
irregular topset-foreset configuration due to
presence of mud-lump (close to the coast)
and slump scars. Two clinoform break points
are suggested by the changes in slope; D.
Profile from Sector V showing no significant
change in slope from topset to foreset; E.
Profile from Sector I showing a mud lump.
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Fig. 2.3: A-Histogram showing that Type-A topset to foreset transition occurs over shorter
distances than Type-B clinoforms. B-Histograms showing that the majority of Type-A
clinoform breaks formed at water depths ranging from one to five meters. Type-B clinoform
break formed at wider range of water depths between four and eleven meters.
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hand, Type-B clinoform break water depths are as deep as ~12 m at East Bay (Sectors I and II)
and as shallow as 4 m at Garden Island Bay (Sectors II and III) (Fig. 2.4).
DISCUSSION
The clinoform break is picked at the first major increase in slope. In some cross-sections,
the first change in slope corresponds to perturbations on the seafloor as opposed to a change in
gradient from topset of the delta to the foreset (e.g. Cross-section 11, Sector 1 in Appendix 1).
The clinoform break, in such cases, is picked at the first major increase in slope that continues
toward a maximum.
A Consistent Relationship Observed Between Clinoform Break and Sea Level Elevation
Type A
In terms of using deltaic morphology to determine paleo sea level, Type-A clinoform
breaks have the smallest error to estimate paleo-water depth (i.e., 3

2 m, see Fig. 2.3B). At the

distributary mouth bars, discharge and progradation rates of the delta are maximum (Coleman,
1988; Coleman et al., 1998). The river water at these locations is slightly lighter than the sea
water and most of the fresh water enters the basin as a buoyantly supported plume. With a
decrease in velocity of the effluent plume, hydraulic sorting causes the coarser sediment to be
deposited near river mouth while finer sediment is transported farther offshore (Coleman, 1988;
Coleman et al., 1998; Orton and Reading, 1993). The rate of sedimentation exceeds rates of
compaction and subsidence resulting in near-complete filling of topset accommodation space by
traction mode deposition, and thus clinoform breaks tend to be sharp and abrupt. The dominance
of the coarsest sediment fraction (fine sand and silt) at distributary mouth bars, also accentuates
the development of Type-A morphology because sand tends to compact less compared to clay
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(Orton and Reading, 1993) and hence sand-dominated delta fronts exhibit steeper profiles
(Adams and Schlager, 2000).
Type B
Conversely, in interdistributary bays, slower sedimentation rates of finer-grained
suspension mode sediment dominate across a broader area of the topset and foreset, which
probably produces a more widespread and even distribution of fine sediment to the entire
clinoform. The net result is a more gently dipping clinoform, i.e., a steeper topset and gentler
foreset than is typical of distributary-mouth-bar cross sections. Inter-distributary bays received
suspended load (clay and silt) during high discharge events or distributary channel breaches,

Fig. 2.4: The figure shows clinoform break elevations of all cross sections evaluated in this
study starting from west to east. The relationship of Type-A and Type-B clinoform break with
distributary and interdistributary areas is clearly depicted. White areas show the data that was
not included in evaluation of Type-A and Type-B clinoform break averages.
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i.e., overbank splays (Coleman, 1988). Since clay and silt compact more, their dominance
causes the bay areas to subside more.

Hence, topset accommodation space at the

interdistributary bays is under-filled and the transition from topset to foreset exhibits the rounded
Type-B morphology.

The broader range of clinoform-break water depths for Type-B

morphologies (i.e., 7

4 m, see Fig. 2.3B) reflects various stages of deltaic development for

interdistributary bays.
The proximity of the delta to shelf edge varies from east to west. In the east, the delta is
building in shallow water, under low accommodation and much farther from the shelf edge (50–
60 km, Fig. 2.5A). As a result, foreset slope is very low, 0.01º and is almost indistinguishable
from topset dip. No clinoform break could be obtained from most of the profiles from sector 5
(Main Pass area), and hence they are not included in computation of Type-A and Type-B
clinoform break average water depths. In areas where the delta approaches the shelf edge
(Sectors I, II, III and IV; at distance of 10–20 km from shelf edge), increased water depths create
more accommodation enabling the deposition of Gilbert-type delta fronts (foreset dips up to
0.5º). Thus, an overall increase in clinoform break water depths and foreset dips of the delta
front may be directly related to proximity of the delta to the shelf edge (Fig. 2.5B). A range of
clinoform breaks (1–11 m, Fig. 2.5B) occurs at similar distances to shelf edge (8-12 km, Fig.
2.5B), which suggests that although water depths increase to the west, the clinoform break water
depths are mainly controlled by variability in sedimentologic properties of distributary and
interdistributary areas as opposed to proximity to shelf edge alone.
In the vicinity of Southwest and South Passes, differential loading of distributary mouth
bar sands on thick prodelta clay has caused the formation of mud diapirs that interfere with the
regular topset-foreset profile (Fig. 2.2E). This causes difficulty in picking the clinoform break,
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and hence such profiles were not incorporated in the overall clinoform break analysis. The
Garden Bay interdistributary area (Sectors III and IV) is influenced by several sediment
instability processes. A similar situation also exists in distributary mouth bars at Southwest,
South and Southeast pass areas. However, at Garden Bay the dominance of Type-B morphology
is perhaps due to slower sedimentation rates by small channels off the main distributaries which
are not able to replenish the sediment lost by slumping. In addition to Type-B profiles, some
Type-A profiles also exist in Garden Bay area (Sectors II and III) and east of Southwest Pass
(Sector I) (Fig. 2.1, 2.4). As suggested by Kenton and Turcotte (1985), this is probably due to
high rates of slumping at the delta front.

On the basis of their geomorphic model for

progradation of the river delta with fine grained sediment load and high sediment supply,
Kenyon and Turcotte (1985) suggested that slopes of such deltas are dominated by bulk-transport
processes, which cause an exponential delta front slope and sharp clinoform break.
The clinoform break water depths cluster about a narrow range regardless of whether the
distributaries enter the windward or leeward side of the MRD. Therefore, intensity and direction
of approach wind-driven currents is not a primary control on clinoform break formation.
Antecedent topography does not appear to be a major control on clinoform break water depth.
For example, clinoform break water depths at Main Pass, where the delta progrades eastward
across an outer-shelf platform, are not markedly different from clinoform break water depths at
South Pass (~2 m at Main Pass as opposed to ~3 m at South Pass) where the MRD progrades
across a more steeply dipping outer continental shelf.
Possible Utility of Clinoform Break Measurement for Ancient Lowstand Deltas
The results of this analysis probably are most applicable to fine-grained fluvially
dominated shelf-edge deltas. The modern MRD shares some obvious characteristics with deltas
22

Fig. 2.5: A: The figure shows approximate distance of each sector from shelf edge, based
on only a few representative profiles from each sector; B: The figure shows overall
increase in foreset dip and elevation of clinoform break with increase in proximity to shelf
edge.
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constructed during sea level lowstands. Lowstand deltas are thick (maximum thickness 50-200
m), point-sourced, strike-oriented (10s of kms wide) wedges of steep dipping strata (3º - 6º
clinoforms), commonly bearing signs of slope failure and located near the shelf margin (Porebski
and Steel, 2003). Although the modern MRD is a highstand feature, it has locally prograded to
the outer shelf and exists very close to the shelf edge (within 10–12 km of shelf edge). Like
shelf-edge deltas, the modern Balize lobe is wider than 100 km and has thicknesses of over 100
m. At Southwest Pass, the delta thickens up to ~150 m (Coleman, 1988). The delta foresets
range in dip from 0.2º to 0.5º, which is less than shelf margin delta clinoform dips (3º - 6º), but
this might be because Balize is located in the outer shelf close to the shelf edge, unlike lowstand
deltas that build across a relatively deeper shelf margin and steeper upper slope.
The mouth bar to delta front association of facies in shelf-margin deltas is dominated by
sandy facies. Mouth bar facies landwards of the shelf edge consist mainly of thick, well sorted,
flat to low-angle medium to fine sands. This sandy, mouth-bar unit grades basinward into more
heterolithic successions of slumped units and/or sandy, slope turbidites (Porebski and Steel,
2003). Although the general facies architecture of the Balize lobe (Coleman, 1988) is similar to
lowstand deltas, there are some differences. The coarsest sediment fraction of the river is fine
sand, which comprises most of the bedload carried by the river, and is deposited at the river
mouths forming the distributary mouth bars (mostly comprising topset of the delta). The delta
front (comprising most of the foreset) is dominated by fine silt and clay, and the prodelta
(comprising bottomset) is mostly comprised of clay (Coleman, 1988).

The delta front is

characterized by sediment instabilities and diapiric uplifts of clay (mud lumps). In modern day
deltas, basinal waters encroach much farther landward in finer-grained deltas with lower
gradients than deltas with coarse sediment load and higher gradients (Orton and Reading, 1993).
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A delta in its post-abandonment stage is exposed to wave and tidal currents which may
modify its morphology. Most shelf-margin deltas have an elongate distribution along dip, and
also wide strike-oriented extent (Anderson et al, 1996; Porebski and Steel, 2003; Sydow and
Roberts, 1994). In addition, they are characterized by a single major channel supported by
bifurcating channels and distributaries. These characteristics are suggestive of strong fluvial
influence over basinal processes (Pigott, 1995); however, there is no a priori reason to assume
that all lowstand deltas are river-dominated. In any case, it is most likely that morphology of a
delta is modified by ocean currents after it is abandoned especially if the abandonment is not
followed by a rapid sea level rise. During periods of rapid sea level rise, most of the deltaic
morphology has a high probability for preservation in the stratigraphic record (at the shelf-edge).
Prediction of paleo-sea level using deltaic morphology can only be reliably done on
clinoforms with intact rollover geometries, the presence of which shows that the delta (at least in
that region) has not been significantly modified by waves or tides. High-resolution seismic data
used to study ancient shelf-margin deltas have vertical resolution up to 1–2 m (e.g. Sydow and
Roberts, 1994; Anderson et al., 1996). Post-abandonment modifications of delta clinoforms up
to 1 m and larger would be resolved by high-resolution seismic data, and hence can be accounted
for while applying the clinoform break strategy on older deltas to estimate paleo sea level. A
paleo-sea level can be inferred using the MRD clinoform-break relationship with sea level. If a
number of LGM features can be identified around the world, a global-scale view of post-LGM
RSL rise can be obtained.
Even though there are differences between the modern MRD and older lowstand deltas,
clearly the topset-foreset rollover feature forms in close proximity with sea level. This study
attempts to quantify this „proximity‟ using the best available modern example. Even for such a
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complex system as the MRD that shows many unique characteristics, when compared to other
modern day deltaic systems, the total variation in water depth of the rollover point is within the
1-11 m range with a total error of ± 5 m (excluding profiles not included in the analysis, Fig.
2.4). This error compares well with other direct methods of estimating RSL change (Table 2.1).
It is acknowledged that this hypothesis remains to be tested. The clinoform break technique is a
refinement to the sequence- stratigraphic approach which is based on the assumption that onlap
is in close proximity to sea level. As noted by Vail et al. (1977), coastal onlap is difficult to
distinguish from deeper-water marine onlap on the continental shelf or slope.

Sequence

stratigraphic conceptual models (Posamentier and Vail, 1988) also predict that coastal onlap can
be dominated by fluvial deposition perhaps occurring tens of meters above sea level (ChristieBlick et al., 1991).
Table 2.1: Techniques used to estimate relative sea level change and estimated resolution
RSL∆
Estimation
technique

Mangrove
(Hanebuth
et al., 2000)

Type-A
Resolution

2m

Benthic
assemblages
(Yokoyama et
al., 2001)

Clinoform break
(this study)

2m

Type-B
4m

4m

Coral
(Fairbanks,
1989)

5m

Sequence
Stratigraphy
(Christie-Blick et
al., 1991)
10m

The Balize lobe of the MRD has been active for the past ~1 kyr (Roberts, 1997). During
this time, the delta has prograded several tens of kms basinward (Coleman et al., 1998), hence
the observed morphology and its relationship to sea level elevation could not be inherited from
conditions existing prior to this time. Moreover, given the short time frame over which the
modern lobe has been constructed, it appears that the observed relationship between clinoform
break and water depth does not take long to be established. This is an important consideration if
this technique is to be applicable to shelf-margin deltas produced during the relatively brief
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LGM.

Finally, a stratigraphic evaluation would have to accompany an application of our

clinoform break technique to LGM-age SMDs.

This is needed to determine whether the

observed deltaic morphology corresponds to an intact clinoform break as opposed to some other
feature, e.g., fluvial terrace, wave-cut terrace, offshore transgressive ravinement, shelf-edge
canyon, or other erosional morphology.
CONCLUSIONS
Two types of morphologies are present in the modern MRD. Type-A has a sharp
clinoform break at water depths of 3 ± 2 m whereas Type-B clinoform break are at depths of 7 ±
4 m. This variation in morphologies is probably a result of interplay of three factors affecting the
MRD: sediment grain size, rate of sediment supply/progradation and sediment transport by
slumping at the delta front slope. Shelf-margin deltas have similar morphologies and conditions
of deposition as the modern MRD; hence it may be that the technique described in this paper
would be useful to predict sea level elevation at the time of shelf-margin delta deposition. This
strategy of estimating RSL using deltaic morphology would be most applicable in determining
elevation of LGM features with respect to today.

If subsidence and isostatic history of a

particular region is known, this new technique would provide a means to estimate the elevation
of LGM sea level from various settings around the world, as opposed to the current restriction to
low-latitude carbonate settings.
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CHAPTER 3
POST-ABANDONMENT MODIFICATIONS OF HOLOCENE LOBES OF THE
MISSISSIPPI RIVER DELTA

INTRODUCTION
Significance and Objectives
The modern bird-foot of the Mississippi River Delta (MRD) shows a definite relationship
between clinoform break, water depth and coastline position. This relationship might be used to
determine paleo sea level associated with ancient lowstand deltas (Chapter 2). In the case of
delta lobes deposited in the late Holocene, when sea level elevation was like that existing today
and eustatic change was insignificant (Fairbanks, 1989; Tornquist et al., 2004), any disparity
between clinoform break elevation and modern sea level elevation should therefore reflect postdepositional modifications. The relationship between sea level and clinoform break begins to
change once supply of sediment is shut off. After being abandoned, the delta would undergo
modification by waves, ocean currents and storms, and would subside due to compaction of
newly deposited sediments (e.g. Fisk, 1944; Scruton, 1960). Thus, an evaluation of clinoform
break of Holocene lobes could provide a quantitative assessment of the degree to which postabandonment processes can affect delta clinoforms.
In the past few decades, subsidence has significantly affected coastal Louisiana, causing
phenomenal loss of swamp and marsh land (Penland et al., 2000; Gagliano et al., 1981). Many
recent studies on coastal Louisiana‟s subsidence focused on modern time scales (e.g. Dokka,
2006; Morton et al., 2002; Penland et al., 2000; Gagliano, 1999; Turner, 1997). These studies
propose that subsidence rates range from 16 to 23mm/yr and that coastal land-loss rates over the
past 50 years are 90km2/yr. Understanding the rates at which these processes operate over longer
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time frames (e.g. a few thousand years) would be a valuable addition to the existing knowledge
base.
The purpose of this study is to quantify rates of modifications in paleo coast line and
deltaic morphologies over scales of a few thousand years using Holocene lobes of the MRD.
Frazier (1967) and Kolb and Van Lopick (1958) recognized that several abandoned lobes of the
MRD retain some morphological expression today in the offshore areas. Age control indicates
that many of the lobes are Holocene landforms (Frazier, 1967; 1974). Relationships derived
from the modern MRD lobe (described in Chapter 2) were applied to the delta‟s Holocene lobes
to evaluate the rapidity of processes that produced the present-day configurations of coast-line
positions and semi-preserved offshore deltaic morphologies.
The St. Bernard Delta Complex of the East Sector of the MRD
Of the sixteen Holocene lobes at the MRD, only a few St. Bernard lobes have offshore
expression to the east of the modern system on the outer shelf. Bathymetry corresponding to
Lobes 8 and 9 shows topset-foreset delta configuration (Fig. 3.1). For this reason, Lobes 8 and 9
within the St. Bernard sub-delta complex (Frazier, 1967, 1974) were analyzed in this study.
Since these lobes were deposited by the Mississippi River, the St. Bernard clinoform break
elevation should be related to paleo water depth and coast line position. Ages and internal
stratigraphy of the Holocene lobes of MRD have been studied in detail (e.g. Fisk, 1944; Frazier,
1967, 1974; Tornquist et al. 1996).
Rationale of This Study
Based on radiocarbon dates, Frazier (1967, 1974) suggested that Lobes 8 and 9 of St.
Bernard delta complex were deposited between 2000 – 3000 years ago. All global sea level
curves (e.g. Fairbanks, 1989; Peltier and Fairbanks, 2006; Siddall et al., 2003) and Gulf of
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Mexico sea level curves (e.g. Tornquist et al., 2004) indicate that sea level elevation has since
remained more or less stationary, with maximum variations of up to 1 m with respect to present
sea level (psl). Some studies (e.g. Blum and Carter, 2000; Blum et al., 2001) have suggested a
mid-Holocene highstand at 2 m above present sea level (apsl) based on river terraces off the
Texas coast. This finding has raised significant controversies among scientists and is an ongoing
field of research (Tornquist et al., 2004). Geomorphic analysis of the modern Balize lobe of the
MRD suggests that the topset-foreset rollover feature, the clinoform break, forms at water depths
of ~3 m at distributary mouth bars and ~7 m at interdistributary bays (Chapter 2). If sea level at
the time of deposition of Lobes 8 and 9 was the same as today, and if there have not been any
significant post-abandonment adjustments in the morphology and elevations of these lobes, then
the clinoform breaks of these lobes should be at present day water depths of 3 – 7 m. In this
study, bathymetric clinoform breaks at the outer shelf location of these lobes were analyzed in
detail to determine their water depths today. The results suggest that there have been significant
modifications associated with these lobes within a short period of few thousand years.
Background
Frazier (1967, 1974) greatly refined the understanding of MRD construction by
combining radiocarbon dating, stratigraphic analysis and physical geology of individual delta
lobes. The work is still widely cited in almost every introductory geology textbook. Sixteen
separate delta lobes within four major delta complexes were identified; three lobes in the Teche
delta complex, six lobes in the St. Bernard, five lobes in the Lafourche and two lobes in the
Plaquemines-modern delta complex that includes the modern bird-foot delta (Fig. 3.1). Each
delta complex was shown to be genetically related to a major shift of the Mississippi River
course, and the individual delta lobes were also shown to be the result of successive shifts of the
32
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Fig. 3.1: Figure modified from Frazier (1967) showing locations of all 16 lobes comprising four major delta complexes.
Location of Figure 2 regional cross section is shown in solid red line.

major distributary network. All of the sixteen delta lobes were originally described and defined
on five regional cross sections based on detailed sediment facies analyses combined with faunal
data from ~500 borings. Lobe chronology was established by > 100 radiocarbon determinations
of peats and other organic material, including in-situ cypress stumps (Frazier, 1967).
METHODS
On a regional cross-section across the St. Bernard delta complex, Lobes 8 and 9 show an
overall topset-foreset-bottomset configuration (Fig. 3.2). Based on Frazier‟s (1967, 1974) map
distribution for Lobes 8 and 9, bathymetric cross-sections were constructed. The cross-sections
constructed in this study extend from today‟s coast line to an outer shelf location for these two
lobes (Fig. 3.3). Bottom profiles were created from digital bathymetric data obtained from the
National Geophysical Data Center (NGDC) database.

All bathymetric cross sections were

created using RiverTools®, a software developed by RIVIX, LLC Software development
Company. Clinoform breaks corresponding to all cross-sections were picked using the same
methodology as outlined in Chapter I of this dissertation. To correlate results obtained from
bathymetric analysis with internal stratigraphy of the lobes, clinoform break elevations were
compared with a regional geologic cross-section across Lobes 8 and 9 (Fig. 3.2).
The Holocene sea level curve based on age/depth relationship of basal peats (Tornquist et
al., 2004) was used to constrain the elevation of sea level during the time of deposition of lobes 8
and 9 (i.e. 2 – 3 ka ago) because: 1) it is a high-resolution sea level record (with < 1 m error bars)
facilitating precise understanding of sea level fluctuations during this time frame, and 2) it is
more applicable to the area of interest because it is derived from basal peat in the lower
Mississippi Delta plain. Subsidence and ravinement rates were tentatively calculated based on

34

35

Fig. 3.2: Frazier (1974) cross-sections across St. Bernard Delta complex showing facies relationships
within Lobes 8 and 9. Clinoform breaks of the lobes are shown in red dots.

Fig. 3.3: Lobe 8 and Lobe 9 map showing locations of few cross sections created in this
study. Cross-sections A through E are shown in Fig. 4. Location of Fig. 2 cross-section is
shown in red.
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differences in present day clinoform break elevation and original elevation of clinoforms they
should have had at the time they were formed, given by Frazier‟s ages. Paleo coast lines for
Lobes 8 and 9 were inferred based on Balize lobe clinoform break relationship with coast line
(Chapter 2). Total area of coastal land and volume of sediment lost since abandonment of Lobes
8 and 9 was considered as the area/volume between present day coast line and paleo coast lines
of Lobes 8 and 9. To estimate the area of coastal land lost, the region was subdivided into a grid
with 14 x 14 km2 squares. Rates of subsidence, ravinement, and coastal-land retreat and loss
estimated in this study were compared with other studies from the MRD plain.
RESULTS
A total of 175 bathymetric cross-sections were constructed across Lobes 8 and 9 of the
St. Bernard delta complex. Lobe-8 clinoform breaks exhibit Type-A morphology with abrupt
topset-foreset rollover (Fig. 3.4A). The Lobe-8 clinoform break corresponds with the seaward
edge of the Chandeleur Islands (Fig. 3.6).

The subaerial topography of the islands is

superimposed on the Lobe-8 topset, and hence the resultant clinoform break is at sea level, i.e. at
an elevation of 0.07 m (Table 3.1, Fig. 3.4A and Fig. 3.5A). At the southern end of Chandeleur
Islands, the Lobe-8 clinoform break is at ~1 m below present sea level (bpsl) (Fig. 3.4B).
Further to the southwest, Lobe-8 is overlain by Lobe-9 (Fig. 3.2). No bathymetric clinoform
break for Lobe-8 could be obtained here because the bathymetry in this region is defined by
Lobe-9 topset instead of the underlying Lobe-8 topset (Fig. 3.6). On Frazier‟s cross-section (Fig.
3.2), the Lobe-8 clinoform break is at ~4m (i.e. -13 ft) bpsl.
To the northeast, the rugged seafloor morphology of Lobe-9 makes it difficult to
determine its clinoform break at this location (Fig. 3.4C, Fig. 3.6). However, the southwestern
part of the lobe shows a rounded topset-foreset rollover geometry exhibiting Type-B morphology
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Fig. 3.4A: Lobe 8
Lobe 8 clinoform break
at sea level

Fig. 3.4B: Lobe 8
Lobe 8 clinform break
slightly below sea level.
No clinoform break
could be obtained for
Lobe 9 due to diapiric
structure at the transition
zone

Fig. 3.4C: Lobe 9
Bathymetry corresponding
to only Lobe 9. “Pseudo”
clinoform break due to
underlying Lobe 8. No
clinoform break could be
obtained for Lobe 9 due to
highly irregular bathymetry
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Fig. 3.4D: Lobe 9
Lobe 9 clinoform break
exhibiting Type B
morphology with rounded
transition zone

Fig. 3.4E: Lobe 9
No “Pseudo” clinoform
break for Lobe 9. The
topset gradient is 0.5
m/km, and the foreset
gradient is 1.5 m/km.
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Fig. 3.5: Charts showing clinoform break elevations for all Lobe 8 and Lobe 9
cross-sections. Lobe 8 clinoform breaks are within 1 m of sea level. Lobe 9
clinoform breaks are averaged at 20 m below sea level.
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Fig. 3.6: Map showing locations of clinoform break points for Lobe 8 and Lobe 9. Lobe
outlines are posted from Frazier (1967).
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Table 3.1: All clinoform breaks obtained for Lobe 8
Mean: 0.07
St. Dev: 0.3
Profile number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
39

Distance from coast (km)
30.5
30.75
30.75
31
30.75
31.75
32.25
32
32
31.25
31.75
32
32.5
32.25
33
32
32.75
32.5
32.5
33
32.5
32.5
32.5
32.25
31.75
31
32.25
32.5
32
32
32.5
32.75
32.5
33.25
31.5
32.25
32.75
32.75
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Elevation bpsl (m)
-0.1005
-0.1
-0.0563
-0.1028
-0.1063
0.0002
0.0006
-0.1007
-0.0992
0.0006
-0.0265
-0.0994
-0.1818
0.2791
-0.1
0.0001
-0.0948
-0.1003
0.0074
-0.1351
0.1036
0.0078
-0.0694
0.166
-0.0949
-0.001
0.0112
-0.0632
0.1492
0.373
-0.1009
-0.3632
-0.0111
1.031
0.2239
-0.0004
1.0902
0.4347

Table 3.1 Continued
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
57
58
59
60
61
64
65

32.5
33.25
32.5
33.5
32.25
32.71152753
31.5
32.25
32.5
32
32.23694487
31
30.75
29.5
30
29.75
30.25
31.75
31
30.25
31
30.25

-0.0153
-0.1473
0.2658
0.5981
0.1625
0
0.3613
-0.1076
-0.1283
0.4014
0
0.7947
-0.136
0.2624
1.0238
0.3761
-1.2033
0.2592
0.3993
-0.0006
-0.1013
-0.7945
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Table 3.2: All clinoform breaks obtained for Lobe 9
Mean: -20.69
St. Dev: 1.97
Profile Number

Distance from coast (km)

Elevation bpsl (m)

46
51
66
82
86
87

54.01018796
53.7818357
60.26111676
54.06137227
53.57882896
50.25

-21.60000038
-21
-22.20000076
-19.5
-20.60000038
-17.7003

88

52

-18.3591

89

50.75

-17.8599

90

52.75

-19.5856

91
92

51.2343769
51.25

-17.89999962
-17.9317

93

48

-17.7707

94

49.75

-17.8872

95

51

-17.6997

96
97

53.24255737
45.75

-26.70000076
-18.9002

98

52

-17.6442

99

50.75

-17.6823

100

49

-19.4515

101
102

47.25733237
46.25

-18.5
-20.496

103

46.25

-18.9369

104

46

-20.8742

105

46.75

-19.0016

106
107

44.03317721
44.5

-21.29999924
-20.0172

108
109

43.78565306
49.25

-20.5
-20.3101

110

50.5

-19.6641

111
112

48.49167143
47

-21.60000038
-20.6301

113

45.25

-20.4529

114
115

49.73318695
47.75

-20.5
-21.0772

116
117

44.04567901
44.75

-21.20000076
-20.2177

118
119

45.78704324
46.5

-19.10000038
-18.2689
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Table 3.2 Continued
120

49.25

-17.0377

121
122

43.7200329
44

-21.29999924
-21.7114

123
124

44.4894236
45.25

-20.5
-22.0502

125

49.75

-20.0381

126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
166
167
168

40.53015858
42
44.25
45.5997943
43.25
39.5640716
40.25
41.25
39.78051678
38.75
40.23022317
41
37.19792935
38.25
39
39.26130684
38
37.5
37.71527307
39
36.75365449
37.5
34.0503048
34
37.5
29.26058943
29.5
29
28.02530021
27.75
28.2282252
31.25
29.06764812
28.5
28.99852292
42
42
47.0520211
38.05572186
40.25
39.01795414

-20.39999962
-19.5539
-20.3478
-20.5
-20.4086
-19.79999924
-20.4285
-20.4003
-20.89999962
-20.3738
-23.89999962
-23.2779
-20.39999962
-21.1343
-22.5089
-21.70000076
-21.0168
-20.6447
-22.20000076
-24.0981
-21.20000076
-21.1391
-23.70000076
-21.9184
-23.4414
-23.60000038
-23.947
-22.2503
-21.29999924
-22.1062
-18.89999962
-26.2224
-24.5
-23.4093
-24.70000076
-18.9686
-18.9686
-18.10000038
-21.20000076
-22.1581
-21
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(Fig. 3.4D, 3.4E) and clinoform break at a water depth of 20 ± 2 m (Fig. 3.5B; Table 3.2). A
„pseudo‟ clinoform break updip of the Lobe-9 clinoform break at water depth of ~2 m bpsl (Fig.
3.4C, 3.4D) is probably due to underlying topography of Lobe-8 clinoform break, and also
ravinement by wind-driven wave erosion. This feature is not the depositional topset-foreset
break of either the Lobe-8 or Lobe-9 delta as determined by its internal stratigraphy and facies
relations (Fig. 3.2). On Frazier‟s (1967) stratigraphic cross section of the St Bernard delta
complex (Fig. 3.2), Lobe-9 is younger than Lobe-8 and progrades further out onto the outer
shelf. Sedimentologic facies architecture of the delta complex shows that the progradational and
aggradational facies of Lobe-9 are overlain by a transgressive facies, which is about 6 m (~20 ft)
thick above the topset, and about 1.2 m (~4 ft) thick above the topset-foreset transition zone (Fig.
3.2). The clinoform break of Lobe-9 on this cross section has an elevation of 20.1 m bpsl (~ –67
ft).

This is in good agreement with -20 ± 2 m clinoform break elevation derived from

bathymetric analysis (Fig. 3.5B, Table 3.2).
Chronologic control suggests that Lobe-9 was deposited from 2.5 ka to 1.8 ka ago, and
Lobe-8 was constructed from 3.0 ka to 2.3 ka ago (Fig. 3.7) (Frazier, 1967). A recent study by
Tornquist et al. (2004) on Holocene sea level history from the MRD suggests that sea level
corresponding to the time of deposition of Lobes 8 and 9 was 2 m to 1 m bpsl respectively.
Given that the geomorphic analysis of the modern Balize lobe suggests that Type A clinoform
breaks form at water depths of 3 ± 2 m and Type B clinoform breaks form at water depths of 7 ±
4m, if the lobe clinoform breaks have not been modified, the present day clinoform break
elevation of lobes 8 and Lobe-9 should have been – 5 ± 2 m (if sea level at Lobe-8 time was 2m
bpsl) and – 8 ± 4 m (if sea level at Lobe-9 time was 1m bpsl), respectively (Fig. 3.8).
Bathymetric analysis conducted in this study shows that Lobe-8 clinoform break is at present46
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Fig. 3.7: Chronology of Mississippi delta lobes by Frazier (1967). Lobes 8 and 9 ages are highlighted.
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Fig. 3.8: Conceptual figure showing Lobe 9 present day clinoform break and expected clinoform break at its time
of deposition

day sea level, whereas Lobe-9 clinoform break is at 20 ± 2 m bpsl. This suggests that Lobe-9
has subsided by about 12 ± 4 m (20 – 8 m) since being abandoned at 1.8 ka. Thus, if the
clinoform break is intact (no modification), then the rate of subsidence associated with Lobe-9
would be 6.67 mm/yr. If the water depth correction of ± 4 m associated with the Type-B
morphology for the Lobe-9 clinoform break is considered, the range of subsidence rates would
be from 4.4mm/yr (corresponding to 8 m subsidence in 1.8 ka) to 8.8 mm/yr (corresponding to
16 m subsidence in 1.8 ka).
If the total lowering of Lobe-9 clinoform break was due to ravinement, this would
suggest that a maximum of 12 m of the Lobe-9 topset was removed by wave erosion and storms
within the past 1800 years.
At the Chandeleur Islands, the Lobe-8 topset forms the seafloor (Fig. 3.3, Fig. 3.6). The
bathymetric clinoform break of 0.08 ± 0.3 m (Fig. 3.5A, Table 3.1) could not be correlated with
sedimentologic facies architecture and internal stratigraphy, because there are no regional
stratigraphic cross-sections in this region.

Figure 2 shows that the Lobe-8 stratigraphic

clinoform break beneath Lobe-9 topset is at an elevation of - 4 m (~ 13 ft), which is shallower
than its expected clinoform break of – 5 ± 2 m. This suggests that Lobe-8 has probably has not
undergone any significant modifications other than slight aggradation after it was abandoned,
which is a strikingly different scenario from Lobe 9 that indicates significant post-abandonment
modification. Perhaps, the age model for the two lobes is not correct.
Rates of Coast Line Retreat and Land Loss
At the Balize lobe, Type A clinoform breaks are formed at a distance of 4.3 ± 2 km from
the coast line, and Type B clinoform breaks are 6 ± 3 km seaward from the coast line (Chapter
2). If this relationship is true for Holocene lobes 8 and 9, then their corresponding paleo coast
49

Fig. 3.9: Map showing location of coast line (in dashed blue line) corresponding to Lobe 8
and Lobe 9 time of deposition. Stippled region shows approximate land area lost since
~2000 years.
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line, at the time of deposition of these lobes, would be ~ 4 – 6 km landward of their clinoform
breaks (Fig. 3.9). The present day coast line is ~ 45 km from Lobe-8 clinoform break and 68 km
from Lobe-9 clinoform break (Fig. 3.9). This differential in position of coast line suggests that
the land between Lobe-8 and Lobe-9 paleo coast line and present coast line has retreated (by
erosion and/or subsidence) after construction of the delta lobes (shaded area in Fig. 3.9). The
total area of coastal land lost would be 3168 km2 in 1800 years, which gives a land-loss rate of
1.76 km2/yr. The rate of coast-line retreat from lobes 8 and 9 time to present would be 2.25 m/yr
to 3.4 m/yr.
DISCUSSION
Justification of Subsidence, Ravinement, and Coastal Erosion Rates
Although Lobe-8 is older than Lobe-9, its clinoform break elevation suggests very little
or no modification. In contrast, the present-day elevation of the Lobe-9 clinoform break is
indicative of significant modification. This difference may be explained by one or more of the
following factors: 1) Lobe-9 subsided more because it is relatively closer to the shelf-edge. 2)
Lobe-9 was depressed more due to its thicker prodelta facies comprising silt and clay, which
caused high rates of subsidence due to dewatering and compaction (Roberts et al., 1994). 3) A
component of the present elevation of the Lobe-9 clinoform break is probably a result of postabandonment reworking by waves and storms. Although the degree to which each of the above
factors might have affected Lobe-9 clinoform break is not known, together they caused
significant modification of Lobe-9 morphology.
Factors that could be responsible for high rates of subsidence and wetland loss of the
Mississippi delta plain include: 1) compaction of thick Holocene sediments, 2) tectonic processes
including faulting, salt migration and regional warping of continental crust due to sediment
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loading, and 3) anthropogenic activities such as groundwater withdrawal and oil and gas
production (e.g. Penland and Ramsey, 1990; Roberts et al., 1994; Roberts, 1997; Turner, 1997;
Gagliano et al., 1981; Gagliano, 1999; Morton et al., 2002; Dokka, 2006). At the St. Bernard
delta lobes, subsidence probably is driven by natural compaction and dewatering of Holocene
deltaic sediments.
On the basis of burial depths and radiocarbon ages of peat, Roberts et al. (1994)
suggested that geological scale (over several thousand years) subsidence rates at the Mississippi
alluvial valley can range from 0.9 mm/yr (at the flanks where sediment cover is thin) to 4.3
mm/yr (where the sediments are thickest).

At the wetlands, natural subsidence rates are

suggested to be typically 2.1 mm/yr but may be as high as 12 mm/yr (Gagliano et al., 1981). At
the modern bird-foot delta, average subsidence rates are 10 mm/yr and in localized areas can be
as high as 30 – 50 mm/yr (Coleman et al., 1983). At historical time scales, subsidence rates are
reported to be very high, e.g. 16 mm/yr based on examination of historic motions of benchmarks
(Dokka, 2006), 23 mm/yr based on geodetic measurements and tide gauge records (Morton et al.,
2002). This study suggests that at St. Bernard delta east of the modern MRD, maximum
subsidence rates over a few thousand years could have been 6.67 mm/yr, which is within the
range proposed by Gagliano et al. (1981). This rate is higher than subsidence rates to the west at
Terrebonne marshlands of Atchafalaya Bay (Roberts et al., 1984) and lower than historical
subsidence rates suggested by Dokka (2006) and Morton et al. (2002). Frazier (1967) reported a
date of 2100 yrs bp from an in-situ sample of cypress stump at a depth of 10 m below sea level.
This elevation of the stump suggests a subsidence rate of ~ 5 mm/yr, suggesting that ~ 10 m of a
total of 12 m lowering of Lobe 9 clinoform break was probably due to subsidence, and at least 2
m was due to ravinement.
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It has been suggested that the maximum depth of shoreface ravinement due to wave
erosion could be up to 15 m offshore Texas (Rodriguez et al., 2001) to 16 m offshore Louisiana
coast (Miner et al., 2007). Although the Gulf of Mexico is a low energy, low tidal range (< 1 m)
region, strong hurricanes such as Katrina can cause storm surges of > 10 m (Fritz et al., 2007),
which may cause significant modification of deltaic morphology and redistribution of sediments.
Storm beds containing hummocky cross stratification range in thickness from 0.1 m to 2 m
(Keen et a., 2004; Driese et al., 1991), suggesting that an equivalent amount of ravinement might
be possible during major storms such as Hurricane Katrina. It is thus suggested here that a
significant amount of the lowering of the Lobe-9 clinoform break could have been associated
with ravinement. If a maximum ravinement of up to 16 m is assumed for Lobe-9, then its
present elevation at 20 m bpsl suggests that at least 4 m of lowering of the Lobe-9 clinoform
break was most likely due to subsidence. Thus, the minimum rates of subsidence at the St.
Bernard delta would be 2.2 mm/yr.
The highest rates of coastal land loss (~ 90 km2/yr) have been reported to be active since
the last 50 years (e.g. Gagliano et al., 1981; Kesel, 1988; Penland et al., 2000; Bourne, 2000).
The rate of land loss obtained in the study area, ~ 2 km2/yr (over past 1800 years), is extremely
low when compared with historical rates. This low coastal erosion rate suggests that land loss
due to natural compaction-related subsidence underlain by shallow Pleistocene substrate would
be very low. Thus, thickness of recent Holocene sediments, other tectonic and human-induced
factors might play an important role in accelerated wetland loss over historical scales.
Uncertainties Associated with Age Model
Frazier‟s (1967, 1974) detailed chronology of individual Mississippi delta lobes has
provided the framework for many subsequent studies. It has, however, been recognized by
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several researchers that Frazier‟s (1967) chronology must be reassessed (e.g. Tornquist et al.,
1996; Kidder, 1996; Levin, 1991; Penland et al., 1987; Gerdes, 1985). Frazier‟s sampling
strategy has raised questions concerning large vertical intervals (up to 0.5 m) from which
samples were recovered (Tornquist et al., 1996) and unclear association of the samples with
events of interest (Kidder, 1996). Appropriately detailed radiocarbon data have not been well
reported, and uncertainties associated with ages are also not presented in Frazier (1967) or
elsewhere (Tornquist et al., 1996; Kidder, 1996). In addition, Frazier‟s ages were derived from
peats whose relationship with sea level is not well constrained, i.e. peats can be formed several
meters above sea level (e.g. Dokka, 2006). The ages were reported in radiocarbon years as
opposed to calendar years; the difference for Holocene deposits could be up to 100 years
(Fairbanks et al., 2005).
Attempts to verify Frazier‟s (1967) chronology have yielded both younger (Penland et al.,
1987) and older ages (Levin, 1991) for the Lafourche delta complex. Some disparities with
Frazier‟s (1967) age estimates can partly be attributed to advanced technological developments
in radiocarbon dating techniques such as advent of accelerator mass spectrometry (AMS)
(Tornquist et al., 2004). Tornquist et al. (1996) re-dated the onset of Teche, St. Bernard and
Lafourche delta deposition by sampling the top of peat beds underneath overbank clay deposits.
In this approach, Tornquist et al. (1996) reported that the onset of the St. Bernard delta was ~
1000 years younger than reported by Frazier (1967). Although a detailed recalibration of the
chronology of all lobes comprising the delta complex has not been attempted, Tornquist et al.
(1996) show that Frazier‟s ages could have uncertainties on the order of 1000 years. If Lobe-9 is
1000 years younger, then total subsidence based on its clinoform break elevation would be 12 m
corresponding to a much higher subsidence and/or ravinement rate of 12 mm/yr.
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Comparison between Balize Delta and St. Bernard Delta
Both the Balize and St. Bernard deltas were deposited by the Mississippi River, thus the
corresponding drainage basin is the same. Hence, the amount of discharge and type of sediment
(in the suspended and bed load) should also be similar. Suspended load has been reduced to half
over the past two centuries due to construction of several dams on rivers that bring sediment to
the Mississippi River alluvial valley (Kesel, 1988). The most important difference between the
modern delta lobe and Holocene St. Bernard delta is that the modern delta is being constructed in
deeper water than prevailing water depths during deposition of the St. Bernard delta. In addition,
the St. Bernard delta is underlain by a shallow Pleistocene substrate, whereas the modern birdfoot delta is being constructed on a thick pile of Holocene sediments.
The conditions in eastern sectors of the Balize lobe (Main pass and Pass-a-loutre
distributary areas, Chapter 2), 40 to 60 km from the shelf edge, an area with relatively low
accommodation space, northwest directed incoming wind-driven currents, are representative of
the water depths and similar to that associated with St. Bernard Lobes 8 and 9. As a result of the
available accommodation space at the shelf edge, the maximum thickness of Balize lobe deposits
is up to 100 – 125 m (at the Head of Passes), whereas the St. Bernard delta is about 30 m thick
(Fig. 3.2). The overall morphology of the two deltas is similar, with distinct topset-foresetbottomset geometry. The topset of Lobe-9 has a gradient of 0.5 m/km (~ 0.03º) and the foreset
gradient is 1.5 m/km (~ 0.08º) (Fig. 3.4E). At the Balize lobe, such low foreset dips are
associated with clinoforms formed at least 50 – 60 km from the shelf-edge (Fig. 3.10; Sectors 4
& 5 in Chapter 2). The clinoform breaks at such far distances from the shelf-edge exhibit TypeA morphology and are at water depths of ~ 2 m (Fig. 3.10). In contrast, the Lobe-9 topsetforeset transition zone exhibits Type-B morphology although it is about 55 km from shelf edge
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(based on Fig. 3.2, Frazier, 1967). One possibility could be that Lobe-9 had Type A morphology
when it was formed and was subsequently modified to Type B morphology by wave and current
action over a period of ~ 2000 years. If this line of reasoning is accepted, and given that sea
level was ~ 1 m bpsl 2000 years ago (Tornquist et al., 2004), the original Lobe-9 clinoform break
would have been at 4 ± 2 m bpsl (based on Type A clinoform break relationship with sea level,
Chapter 2). Such a scenario would require higher subsidence/ravinement rates (16 m in 2000
years i.e. 8 mm/yr) to explain the present day elevation of the Lobe-9 clinoform break.

Fig. 3.10: Figure from Chapter 2 showing variation in clinoform break elevation and foreset
dips of Balize Delta. St. Bernard Lobe 9 foreset dip is shown by red dot.

CONCLUSIONS
Three conclusions can be drawn from this study:
1) For abandoned delta lobes that remain within wave base, caution must be taken while
using the clinoform break strategy to determine paleo sea level because these features can
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be significantly modified within a short time interval.

A detailed knowledge of

stratigraphy is essential to ensure that the clinoform break morphology is not a result of
post-deposition modification. In addition, age of the delta must be well constrained to
derive meaningful estimates of paleo sea level or post-deposition modifications using
clinoform morphology. High rates of modification estimated in this study probably are
operative over geologically short time scales (2 – 3 ka), and hence may not be applicable
over longer time periods associated with Late Quaternary lowstand deltas.

An

understanding of isostatic adjustments associated with subsidence and uplift must be
established to interpret results obtained from clinoform break analysis of ancient
lowstand deltaic systems.
2) If the age and paleo sea level associated with Lobe-9 are accurate and there has been no
major ravinement, the lobe subsided 12 m in 1800 years which corresponds to a
maximum rate of 6.67 mm/yr. For a thickness of 30 m for Lobe-9, the compaction is
geologically reasonable for silty sediments, i.e. on the order of 40 %. Conversely, if there
has been significant ravinement, the resultant subsidence rates would be much lower, i.e.
2.2 mm/yr.
3) Given the estimated age and position of the clinoform break for Lobe-9 and the empirical
relationship between the clinoform break and coastline position (derived from modern
lobe), the rate of coastal retreat for this sector of the MRD system ranges from 2.25 m/yr
to 3.4 m/yr with a net loss of coastal plain of 3168 km2. These low rates over ~ 2 ka
suggest that the high rates today may be related to a combination of factors; substrate
differences between the St. Bernard area and other areas of the lower Mississippi Delta
plain, modern anthropogenic and/or tectonic phenomena.
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CHAPTER 4
UTILITY OF SHELF-MARGIN DELTA CLINOFORMS TO DERIVE LATE
QUATERNARY RELATIVE SEA LEVEL HISTORY: CASE STUDY OF LAGNIAPPE
DELTA AT NORTHEAST GULF OF MEXICO

INTRODUCTION
The most reliable sea level records for the Last Glacial Maximum (LGM) are derived
from shallow-water corals in low-latitude carbonate settings (e.g. Peltier and Fairbanks, 2006;
Chappell et al., 1996; Bard et al., 1996; Edward et al., 1993; Fairbanks, 1989, 1990). In contrast,
relatively few records are from siliciclastic settings (Hanebuth et al., 2000; Yokoyama et al.,
2000; Siddall et al., 2003) and these are from low-latitude areas. These late Quaternary eustatic
records indicate that the LGM lowstand was between 120 to 135 m below present sea level (bpsl)
(Clark and Mix, 2002). The 15 m disparity in LGM lowstand estimates is equivalent to an ice
volume of 5.6 × 106 km3, which is equivalent to the West Antarctic Ice Sheet and Greenland Ice
Sheet combined (Denton and Hughes, 2002). The large disparity in LGM sea level estimates
may reflect the variability in isostatic adjustments in different parts of the world. To further
refine our understanding of Earth‟s response to glacial, climatic, and glacio-eustatic fluctuations,
the LGM eustatic signature must be separated from the globally-variable isostatic influence on
relative sea level data. This separation can be achieved by a detailed understanding of local
isostatic effects on relative sea level changes, which requires a dense global grid of relative sea
level observations as opposed to few isolated records from low-latitude settings (Pirrazoli, 1995;
Lambeck and Chappell, 2001; Lambeck and Purcell, 2005). One possible way to generate such a
global grid of post-LGM relative sea level data would be to extract paleo water depth
information from siliciclastic deltas that contributed to the construction of the present-day
submerged shelf edge and outer shelf. Geomorphic analysis of the modern Mississippi River
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Delta suggests that the morphology of late highstand and lowstand deltas can be used as a paleo
sea level indicator (Chapter 2).

This study tests the plausibility of this hypothesis at the

Lagniappe Delta.
For relative sea level changes during the late Quaternary period, one of the best-studied
siliciclastic margins is the northern Gulf of Mexico. The area lies on a tectonically stable passive
margin and its outer continental shelf is constructed by several shelf margin deltas believed to
have formed during the LGM (e.g. Suter and Berryhill, 1985; Anderson et al., 1996). These
shelf-margin deltas have been extensively described using core sedimentology, seismic and
sequence stratigraphic principles (e.g., Anderson et al., 2004). However, the exact timing of
shelf-margin delta deposition has not been convincingly demonstrated.

Shelf-edge deltas

believed to correspond to the LGM have also been identified on numerous European margins
(e.g. Trincardi et al., 1996; Langone et al., 1996; Chiocci, 2000; Hernandez et al., 2000; Torres et
al., 1995; Tesson et al., 1990). Likewise, in most of these studies, the “LGM” designation is
assigned on the basis of sequence stratigraphic principles with no direct age control. One
exception is the study of the central Adriatic Sea basin where seismic interpretations were
correlated with detailed sedimentologic, isotopic, paleoenvironmental analyses and
from (Trincardi et al, 1996; Langone et al., 1996).

14

C ages

However, none of the cored material

penetrated the “LGM” wedge. A LGM age for the shelf-margin wedge was inferred from
younger ages obtained from material within the overlying transgressive unit.
The Lagniappe Delta, located immediately east of the modern MRD, is known to be of
LGM age, based on radiocarbon dates (e.g. Roberts et al., 2004; Fillon et al., 2004), and thus
provides an excellent opportunity to examine if LGM delta clinoforms of the numerous lobes can
be used as paleo sea level indicator. Clinoforms at the Lagniappe Delta are constrained to have
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prograded across the shelf edge during the overall falling sea levels of the Wisconsinian
glaciation within oxygen isotope stages 2 and 4 (Roberts et al., 2004; Fillon et al., 2004).
Carbon-14 dates obtained from shells and particulate organic matter (POM) have been calibrated
with oxygen isotope records (Fillon et al., 2004). Detailed paleoenvironmental, biostratigraphic,
sedimentologic and seismic investigations (Kindinger, 1988; Sydow and Roberts, 1994; Kolla et
al., 2000; Robalin, 2001; Roberts et al, 2004; Fillon et al., 2004; Kohl et al., 2004) add ground
truth to constrain the shelf margin delta to be a LGM fluvial deltaic feature.

High-resolution

seismic data are available for the current study to facilitate detailed investigation of delta
clinoform stratigraphy.
For the strategy of deciphering relative sea level history from delta clinoform
morphology to be successful, the age of the clinoforms should be known. For the results to be
meaningful, the record of relative sea level change should match at least some characteristics of
the late Quaternary relative sea level history (Shackleton, 1987; Peltier and Fairbanks, 2006;
Yokoyama et al., 2000; Hanebuth et al., 2000; Siddall et al., 2003). Two key features are a latestage rapid and large-amplitude (a few 10s of meters) fall and an end-of-glacial, high magnitude
(several 10s of meters) sea level rise. In this study, the relationship between shelf-margin delta
morphology and sea level, defined from the MRD work in Chapter 2, was applied to Lagniappe
Delta clinoforms to estimate relative sea level changes for this specific sector of the Gulf of
Mexico. Although this is a low-latitude setting, the results should be applicable to middle and
high latitudes where shelf-margin deltas can be shown to exist. A relative sea level curve was
derived using detailed clinoform stratigraphy and clinoform ages.

The Lagniappe Delta‟s

relative sea level curve was briefly compared with existing sea level records to understand if the
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Lagniappe results, and hence the clinoform break strategy, provide a plausible way to develop a
global grid of lowstand paleo sea level change measurements.
MATERIALS AND METHODS
Data Used
Seismic profiles were acquired during six overlapping surveys, CSI 97 water gun and
boomer, Consortium 91 sleeve gun and boomer, Acadiana 87 and 89 geopulse boomer, Lamal 81
minisparker, Western Geophysical 1975 Minisparker and USGS fay 1976 minisparker (Fig. 2,
Roberts et al., 2004). These different datasets have optical vertical resolution ranging from 2 – 3
m in minisparker surveys and to less than 1 m in boomer surveys (Sydow and Roberts, 1994).
The quality of minisparker data is fair to good and the boomer and sleeve gun data are good to
excellent (Sydow and Roberts, 1994). This study uses 4500 line-km of high-resolution single
channel reflection seismic profiles from Consortium 91 boomer survey. Lines from Lamal 81
minisparker survey and CSI 97 boomer survey were also used to fill in areas not covered by
Consortium 91 survey data. The data used in this study are shown in Figure 4.1.
Four coreholes have been drilled into the Lagniappe Delta - MP303c1 (91.5m long),
P288c1 (92.4m long), MP242c1 (77.1m long) and VK774c1 (259.9m long) (Fig. 4.1). Core
MP303 penetrated a western depocenter of the delta, ~11 km landward of the shelf edge, whereas
MP288 penetrated an eastern depocenter located at shelf edge. The MP242 core samples the
inner shelf and Core VK774 samples the continental slope (Roberts et al., 2004). All four cores
have been studied in detail to decipher the sedimentology, oxygen- isotope stratigraphy and
paleoenvironments of the delta (Roberts et al., 2004; Fillon et al., 2004; Kohl et al., 2000; Sydow
and Roberts, 1994). Sixteen radiocarbon ages have been obtained from shells and particulate
organic matter to constrain the age of deltaic clinoform wedges (Table 4.1). Radiocarbon dates
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reported in

14

C years BP were converted to calendar years using the calibration curve of

Fairbanks et al. (2005). Henceforth, ages will refer to calendar years unless stated otherwise.

Fig. 4.1: Base map showing high-resolution seismic profiles and core locations used to study
the Lagniappe shelf-edge delta. Figure modified from Roberts et al. (2004).
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Table 4.1: Radiocarbon dates from MP303c1, MP288c1 and MP242c1 cores published by
Roberts et al. (2004)
Lobe

Corehole

Depth (m)

Dates (C-14 years BP)

Error

Dates (cal BP)

Error

24
24
10

MP288
MP288
MP288
MP288
MP288

7.6
9.4
13.7
21
46

27,670*
2,070*
19,080
19,740
23,010

± 940
± 50
± 50
± 60
± 80

33010*
2029*
22558
23389
27419

±1005
±70
±90
±107
±162

MP303
MP303
MP303
MP303
MP303
MP303
MP303
MP303

5.5
5.6
22.7
25.6
26.4
26.5
28.7
35.8

10,600
12,400
19,500
10,330*
23,600*
19,450
8,240*
19,350

± 45
± 100
± 70
± 60
± 95
± 70
± 90
± 70

12558
14283
23266
12133*
28285*
23177
9214*
22998

±52
±196
±155
±114
±175
±161
±136
±143

MP242
MP242
MP242

32.7
37.5
63.1

45,500
56,800
61,700

± 570
± 2000
Infinite Age

NC
NC
23

23
23
NC
NC

* indicates out of stratigraphic sequence
NC - indicates no clinoforms were found corresponding to the date
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Outside calculation range
Outside calculation range
Outside calculation range

Seismic Stratigraphic Analysis
Seismic profiles were interpreted to establish the sequence of deposition of delta
clinoform sets comprising the main progradational package of the Lagniappe Delta (pro 10 by
Sydow and Roberts, 1994). Interpretations were done using the standard correlation techniques
and the methodology outlined by Mitchum et al. (1977). Methods included identification of
mappable seismic units (with lobate form) based on reflection patterns, character of bounding
surfaces and clinoform configuration.

Lobes were defined as discrete sets of prograding

clinoforms bound by a toplap/erosional surface at the top of the unit and a downlap surface at
bottom of the unit (Fig. 4.2). The lateral extent of the individual lobes was determined by
making direct correlations between intersecting seismic profiles. A relative chronology of the
lobes was constructed on the basis of correlations and stratigraphic superposition principles
between lobes on the seismic profiles (Fig. 4.3). The scheme conforms to and is consistent with
the available radiocarbon dates (Table 4.1). Time-structure contour maps for the top surface of
the lobes and time-thickness contour maps were constructed for each lobe from the interpreted
seismic grid. The contour maps were created by transferring two-way travel time elevations and
thickness from interpreted seismic profiles to data-point basemaps, which were then contoured
by hand at a 10 millisecond (ms) contour interval. Progradation direction of the lobes was
determined according to time-structure maps and clinoform dip direction observed on the seismic
profiles.

An example of a time-structure contour map, a time-thickness contour map and

progradation direction corresponding to Lobe 24 is shown in Figure 4.4.

Morphology of

clinoforms with preserved topsets and foresets were analyzed to determine their respective
clinoform break points.

Other clinoforms with modified form were also used.

For each

clinoform, shot-point locations on interpreted seismic profiles and their corresponding two-way
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Fig. 4.2: Shelf-edge section of Consortium 91 Line 10 showing core MP288 through delta lobes.
Radiocarbon dates in italics (Roberts et al., 2004) show ages of Lobe 24 and Lobe 10. Note toplapdownlap (T/D), toplap (TL) and downlap (DL) surfaces of lobes.
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Fig. 4.3: Time progression of Lagniappe lobes showing that youngest lobes are at the shelf edge part of western Lagniappe
delta and oldest lobes are at core site MP242.

Fig. 4.4A: Time-structure contour map for the upper bounding surface of Lobe 24 with
clinoform break points derived from three seismic profiles. Inset map shows the location of
this lobe.
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Fig. 4.4B: Clinoform break of Lobe 24. Numbers represent clinoform break elevations (in
msec) derived from individual transects. Red arrows show clinoform dip direction in each
profile. The blue arrow shows overall progradation direction of the lobe.
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Fig. 4.4C: Time-thickness contour map (or isopach map) of Lobe 24. The lobe is ~ 40 ms (30
m) thick. Outline of the lobe on the inset map is based on 0 msec isopach.
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travel time elevations were transferred to an Excel file. The shot point locations are constrained
by GPS and were converted to distance using the map scale. Elevation in ms of seismic travel
time was converted to depth (m) using a sound velocity of 1500 m/s. This standard depth-time
conversion works well for the correlation between lithologic and seismic facies in the upper onethird section of the seismic profiles, and is correct within a 2ms margin of error (Sydow and
Roberts, 1994). Clinoform-break points were determined using slope and the same methodology
as outlined in Chapter 2. Relative sea level elevations for Lagniappe Delta lobes were obtained
using the clinoform-break and sea level relationship obtained from the MRD.
Estimation of Lobe Ages
A reasonable assessment of the clinoform-break strategy to resolve past sea level changes
requires a time series of paleo water depth estimates corresponding to all the delta lobes.
Radiocarbon ages for only three of the more than 40 mapped lobes are known from previous
studies (e.g. Roberts et al., 2004). Thus, the number of dated lobes is not sufficient to make a
detailed reconstruction of paleo sea level history at the Lagniappe Delta. Because of this
limitation, an alternative approach was adopted in which lobe volumes and sedimentation rates
were used to interpolate ages of non-dated lobes and develop a pseudo time scale strictly for the
purpose of evaluating the time sequence. Lobe volumes were calculated by placing a grid (0.5
cm = 0.2 km2 cell size) on the isopach maps of each individual lobe. Rate of sedimentation
accumulation corresponding to dated lobes (e.g. Lobe 24, Fig. 4.2) was calculated by dividing
the total time of deposition of the lobe by its volume. Since no radiocarbon dates were available
corresponding to the upper and lower bounding surfaces of Lobe 24, its total time of deposition
was estimated based on the two radiocarbon dates from within the lobe (19.1 ka
19.7 ka

14

14

C years and

C years, Table 4.1, Fig. 4.2). An older radiocarbon date corresponds to underlying
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Lobe 10 (23.0 ka

14

C years, Fig. 4.2). The two dates within Lobe 24 were used to evaluate

different scenarios for proximal sedimentation rates. Four different durations of deposition were
assumed for Lobe 24 - 4000 years (23 – 19 ka), 3000 years (22 – 19 ka), 2000 years (21 – 19 ka)
and 1000 years (20 – 19 ka) to calculate four corresponding sediment accumulation rates (SAR).
A maximum of 4000 years was chosen as total time of deposition for Lobe 24, since Lobe 10
underlying Lobe 24 has an age of 23.0

14

C ka. This long time interval seems to be the least

likely duration corresponding to Lobe-24 deposition because it would require deposition of lobes
23 through 11 within a period of less than 1000 years. An age of 19.0 ka

14

C years was

arbitrarily assigned to the upper bounding surface of Lobe 24, by assuming that the lobe was
abandoned within 100 years after its 19.1 ka-dated clinoform, which lies very close to the upper
bounding surface. The resulting four SAR were used to calculate four sets of ages for all nondated lobes using the isopach volume estimates for each lobe. Three tentative assumptions were
made while calculating ages for the lobes; 1) the SAR was constant for all lobes, 2)
sedimentation was continuous during the formation of a single lobe, and 3) there were no major
hiatuses between the culmination of deposition of one lobe and beginning of another lobe.
Paleo Sea Level Determination and Comparison
A relative sea level curve was constructed based on the estimated lobe ages and sea level
elevations derived from lobe clinoforms. To simplify the comparison of Lagniappe relative sea
level curve with other existing sea level records, lobe estimated ages in calendar years were used.
The time progression of paleo water depths at the Lagniappe Delta was compared with those of
other relative sea level change records to verify if the clinoform break strategy reproduces
features of lowstand sea level changes.
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RESULTS
Lobe Characteristics
The Lagniappe delta can be subdivided into several clinoform sets representing
individual delta lobes. The upper bounding surface of each lobe is characterized by high-angle
foreset truncation below and downlap terminations above (Fig. 4.2). These toplap-downlap
(T/D) surfaces are commonly characterized by a high-amplitude reflection that defines the final
seaward-most clinoform of a lobe, where it is downlapped by clinoforms of the overlying lobe
(Fig. 4.2) (Roberts et al., 2004). Since the clinoform-break elevation has a known relationship
with sea level elevation, the clinoform break of the final clinoform surface can be used to
estimate the paleo sea level elevation (with respect to present sea level) before the lobe was
totally abandoned as the distributary shifted to another progradational site.
The whole Lagniappe Delta from inner shelf to outer shelf is composed of numerous subdeltaic lobes, of which only the ones in the outer shelf could be identified or mapped (Fig. 4.3;
Fig. 4.5). The toplaps of most of the inner and mid-shelf lobes are completely eroded and only
the middle or lower parts of foresets, and the bottomsets are preserved. Thus, it was not possible
to discern the bounding surfaces of these severely truncated lobes. More than 50 lobes were
identified in the outer shelf and at the shelf edge.

Of these, 46 were correlated between

intersecting seismic profiles and 42 were mapped. The remaining lobes could not be mapped
because they were found on only one seismic profile. The lobes typically have a wedge shape in
cross-section, with prograding clinoforms and, in many cases, a slumped unit at the base of the
T/D surface (Fig. 4.2, 4.9B). Lobes have an average width (measured perpendicular to the
progradation direction of the lobe) of 7.6km (maximum 14.2km, minimum 3.7km), an average
length (measured along the direction of progradation) of 5.3km (maximum 9.6km and minimum
75
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Fig. 4.5: Lobe clinoform break map of Lagniappe outer shelf. At the MP242 core location, lobes with shallowest clinoform
break elevations are found. At the shelf edge part of western Lagniappe Delta, lobe clinoform breaks are deeper than 120 m.

3.3 km), and an average thickness of 35 m (maximum 78.75 m, minimum 16.5 m). Most of the
lobe clinoforms exhibit Type A morphology (topset-foreset transition distance ~ 1 km or less),
which indicates a dominance of the fluvial regime over basinal processes.

The fluvial

dominance has also been suggested by previous workers on the basis of sedimentologic and
seismic character of the lobes (Sydow and Roberts, 1994; Roberts et al., 2004).
Clinoform Break Elevations
For each lobe, a clinoform break point was picked corresponding to its T/D surface. In
some cases, individual clinoforms with preserved rollover geometries within a single lobe were
also used to pick clinoform break points (e.g. within Lobe 36, Fig. 4.8B; Lobe 21, Fig. 4.9B).
This second type of clinoform break point is more reliable to determine relative sea level
estimates because these are not erosional surfaces, unlike T/D surfaces.
majority of lobes no such surfaces could be identified (Table 4.2).

However, in the

Hence, to maintain

consistency while constructing a relative sea level change record, the first type of clinoform
break corresponding to upper bounding surfaces of the lobes was used to estimate paleo sea level
elevations. On the seismic profiles where both types of clinoform breaks were present, the
maximum difference between an intact internal clinoform break elevation and T/D clinoform
break elevation that defines the top of a lobe is 3 m (Table 4.2). The T/D surfaces are generally
conformable with the individual clinoforms suggesting either a stepped and continuous fall in
relative sea level or lowering of the surface by ravinement (Lobe 36 in Fig. 4.8B; Lobe 28 in Fig.
4.9B).
Lobe clinoform breaks get progressively younger and deeper from east to west (Fig. 4.5).
The lobes with shallowest clinoform breaks are at the MP242 core location (Fig. 4.6A, 4.6B) and
are interpreted to be the oldest lobes based on its stratigraphic relationships with other lobes.
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Lobes at the MP288 core site also represent a relatively older part of the delta, with topsets about
90 m deep (Fig. 4.7A, 4.7B). However, Consortium 91 Line 2 shows a stratigraphically younger
lobe (not mapped because it was only identified on one seismic line) than the MP288 sub-delta
lobe (i.e. Lobe 24) at a deeper elevation (Fig. 4.7B). The shelf-edge elevation at site MP288 is
75 m, i.e., ~ 27 m shallower than the shelf edge at the site of the „younger‟ lobe, suggesting that
relative sea level fell significantly subsequent to construction of Lobe 24 (i.e. after 22.5 ka ago).
Lobes deeper and younger than the dated clinoform at 22.5 ka cal BP are also found at the
MP303 core site (Fig. 4.8A, 4.8B). Between the eastern and western depocenters, younger lobes
(e.g. Lobes 25, 26, Fig. 4.9B) as well as older lobes (e.g. Lobe 21, Fig. 4.9B) are mapped (Fig.
4.9A). The rising pattern of clinoform breaks of intact clinoforms of a younger lobe, Lobe 26, is
indicative of relative sea level rise, whereas clinoform breaks from intact rollovers within older
Lobe 21 suggests a relative sea level fall. The outer shelf and shelf edge at the western
Lagniappe subdelta has the youngest of all delta lobes, some of which are deeper than 120 m
(e.g. Lobe 39, Fig. 4.10A, 4.10B). At the distal southwestern limit of the Lagniappe Delta, the
youngest lobes mapped, Lobes 42, 43, 44 & 45, show a significant aggradational component
(Fig. 4.11A, 4.11B) suggesting a rapid sea level rise.
Table 4.2 summarizes clinoform break estimates for each lobe from all seismic profiles,
and corresponding sea level elevations based on the type of morphology of the clinoforms. Ages
of only three lobes can be constrained by published radiocarbon dates (Table 4.2). Although
these three dated lobes are useful control points to understand the approximate timing of
deposition of the Lagniappe clinoform package, estimation of ages of other lobes is essential to
construct a comprehensive time-series progression (Fig. 4.12).
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Fig. 4.6A: Location map for lobes shown in Figure 4.6B. Clinoform breaks of the lobes shown
in Figure 4.6B are shown in green.
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Fig. 4.6B: Section of Consortium 91 Line 10 showing some of the oldest delta lobes (Lobes 1, 4
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indicate that these lobes are bound by toplap (TL), downlap (DL) and toplap/downlap (T/D)
surfaces. Core MP242 is about 1 km north of this figure.
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Fig. 4.7A: Location map for lobes shown in Figure 4.7B. Clinoform breaks of the lobes shown
in Figure 4.7B are shown in green.
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Fig. 4.8A: Location map for lobes shown in Figure 4.8B. Clinoform breaks of the lobes shown
in Figure 4.8B are shown in green.
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Fig. 4.10A: Location map for lobes shown in Figure 4.10B. Clinoform breaks of the lobes
shown in Figure 4.10B are shown in green.
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Fig. 4.10B: Shelf-edge section of Consortium 91 Line 8A illustrating clinoform break elevation >120m at the distal
part of Lagniappe western depocenter.

Fig. 4.11A: Location map for lobes shown in Figure 4.11B. Clinoform breaks of the lobes
shown in Figure 4.11B are shown in green.
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Fig. 4.11B: Boomer seismic profile (Consortium 91 Line 7) across the distal SW limit of Lagniappe delta illustrating a
significant aggradational component associated with Lobes 42, 43, 44 and 45 (from 102 m bsl to 96 m bsl respectively),
suggesting a relative sea level rise. These lobes are bound by toplap-downlap (T/D) and downlap (DL) surfaces.

Table 4.2: Clinoform breaks derived from all seismic profiles. For some lobes, two types of
clinoform breaks were obtained - one corresponding to its T/D surface, and the other corresponding
to intact non-erosional clinoforms. An inferred sea level was obtained from each clinoform break
based on its type of morphology. Type A inferred sea levels have errors of ± 2m, and Type B
inferred sea levels have errors of ± 7m
Lobe#

Seismic Line

CFB Elev.
(m)

Morph.
Type

Inferred SL (m)

Cons 7 (T/D)
Cons 7 (Intact)
Cons 7 (Intact)

96
96.75
99.75

Type A
Type A
Type A

93
93.75
96.75

Cons 7 (T/D)

97.5

Type A

94.5

Cons 7 (T/D)

96.75

Type A

93.75

Cons 7 (T/D)
Cons 7 (Intact)

102
103.5

Type A
Type A

99
100.5

Lamal 120 (T/D)
Lamal 119 (T/D)

126
123.75

Type A
Type A

123
120.75

Lamal 120 (T/D)

123

Type A

120

Cons 8A (T/D)
Cons9 (Intact)
Cons 9 (Intact)
Cons 9 (Intact)

126
123
116
112

Type A
Type A
Type A
Type A

123
120
113
109

Cons 9 (T/D)
Cons 8A (T/D)
Cons 8A (Intact)
Cons 8A (Intact)

110.25
108
109.5
103.5

Type A
Type A
Type A
Type A

107.25
105
106.5
100.5

Cons 5B (T/D)
Lamal 215 (T/D)

110.25
111

Type A
Type A

107.25
108

Cons 4 (T/D)
Cons 4 (Intact)
Cons 4 (Intact)
Cons 4 (Intact)
Cons 8 (T/D)

105.75
102.75
102.75
97.5
120

Type A
Type A
Type A
Type A
Type A

102.75
99.75
99.75
94.5
117

Cons 5B (T/D)
Cons 5B (Intact)
Cons 5B (Intact)

107.25
105
102

Type A
Type A
Type A

104.25
102
99

Lamal 116 (T/D)

99

Type A

96

Cons 4 (T/D)

108.75

Type B

101.75

45

44
43
42

41

40
39

38

37

36

35

34
33

91

Avg. T/D CFB (m)

Paleo SL (ITD)

96

93

97.5

94.5

96.75

93.75

102

99

124.875

121.875

123

120

126

123

109.125

106.125

110.625

107.625

112.875

109.875

107.25

104.25

99

96

107.25

102.25

Table 4.2 Continued
Cons 8A (T/D)
Cons 8A (Intact)
Cons8B (T/D)

105.75
102.75
97.5

Type A
Type A
Type A

102.75
99.75
94.5

Cons 5B (T/D)
Cons 7 (T/D)

103.5
102.75

Type A
Type A

100.5
99.75

Cons 7 (T/D)
Cons 7 (Intact)
Cons 7 (Intact)

95.25
95.25
92.25

Type A
Type A
Type A

92.25
92.25
89.25

Lamal 116 (T/D)
Lamal 116 (Intact)
Lamal 116 (Intact)

95.25
93
90

Type A
Type A
Type A

92.25
90
87

Cons 8A (T/D)
Cons 8A (T/D)
Lamal 116 (T/D)

99
96
92.25

Type B
Type A
Type A

92
93
89.25

Cons 3 (T/D)
Cons 3 (Intact)
Cons 3 (Intact)
Cons 3 (Intact)
Cons 3 (Intact)

89.25
87.75
87.75
90.75
90.75

Type B
Type A
Type A
Type A
Type A

82.25
84.75
84.75
87.75
87.75

Cons 9 (T/D)
Cons7 (T/D)

95.25
88.5

Type A
Type A

92.25
85.5

Cons 4 (T/D)

96.75

Type A

93.75

Cons 10 (T/D)
Cons 11 (T/D)

90.75
87.75

Type A
Type A

87.75
84.75

Cons 4 (T/D)
Cons 9 (T/D)
Cons 7 (T/D)

87.75
88.5
90.75

Type A
Type A
Type A

84.75
85.5
87.75

Cons 7 (T/D)
Cons 7 (T/D)
Cons 8B (T/D)

93
90
79.5

Type A
Type B
Type A

90
83
76.5

Cons 3 (T/D)
Cons 3 (Intact)
Cons 3 (Intact)
Cons 3 (Intact)
Cons 3 (Intact)
Cons 3 (Intact)
Lamal 215 (T/D)

90
88.5
88.875
90.75
88.875
85.5
90.375

Type A
Type A
Type A
Type A
Type A
Type A
Type A

87
85.5
85.875
87.75
85.875
82.5
87.375

32

31

30

29

28

27

26
24

23

22

21

20

92

103.125

100.125

95.25

92.25

95.25

92.25

95.75

91.41

89.25

82.25

91.875

88.875

96.75

93.75

89.25

86.25

89

86

91.5

86.5

90.375

87.375

92.25

89.25

Table 4.2 Continued
Cons 9 (T/D)

92.25

Type A

89.25

Cons 3 (T/D)
Cons 3 (Intact)

79.5
78.75

Type A
Type A

76.5
75.75

Cons 7 (T/D)
Cons7 (Intact)
Cons 7 (Intact)
Cons 3 (T/D)
Cons 3 (Intact)
Cons 3 (Intact)

90
87.75
87
86.25
84.75
84

Type A
Type A
Type A
Type A
Type A
Type A

87
84.75
84
83.25
81.75
81

Cons 9 (T/D)

81

Type A

78

19

18

17
16
Cons 8B (T/D)
Cons 8B (Intact)
Cons 8B (Intact)
Cons 8B (Intact)

79.5
81
82.5
84

Type A
Type A
Type A
Type A

76.5
78
79.5
81

Cons 7 (T/D)

87.75

Type A

84.75

Cons 7 (T/D)

82.5

Type A

79.5

Cons 7 (T/D)

81

Type A

78

Cons 6 (T/D)
CSI97 2 (T/D)
Cons 6 (Intact)

90
93.75
90

Type A
Type A
Type A

87
90.75
87

Cons 7 (T/D)

83.25

Type A

80.25

Cons 11 (T/D)
Cons 10 (T/D)
Cons 10 (Intact)
Cons 10 (Intact)

81
87.75
85.5
84

Type A
Type B
Type A
Type A

78
80.75
82.5
81

Cons 10 (T/D)
Cons 11 (T/D)

90
91.5

Type A
Type A

87
88.5

Cons 10 (T/D)
Cons 6 (T/D)
Cons 11 (T/D)

88.5
86.25
89.25

Type A
Type A
Type B

85.5
83.25
82.25

Cons 6 (T/D)
Cons 6 (Intact)
Cons 6 (Intact)
Cons 6 (Intact)
Cons 10 (T/D)
Cons 10 (Intact)

80.25
82.5
82.5
71.25
78.75
81.75

Type A
Type B
Type A
Type A
Type A
Type B

77.25
75.5
79.5
68.25
75.75
74.75

15
14
13
12

11
10

9

8

7

93

79.5

76.5

85.25

82.25

81

78

79.5

76.5

87.75

84.75

82.5

79.5

81

78

91.875

88.875

83.25

80.25

84.375

79.375

90.75

87.75

88

83.66

79.5

76.5

Table 4.2 Continued
Cons 10 (Intact)

81.75

Type B

74.75

Cons 2 (T/D)

80.25

Type B

73.25

Cons 6 (T/D)
Cons 10 (T/D)
Cons 10 (Intact)
Cons 10 (Intact)

80.25
79.5
80.25
81

Type A
Type A
Type A
Type A

77.25
76.5
77.25
78

Cons 6 (T/D)
Cons 6 (Intact)
Cons 6 (Intact)
Cons 6 (Intact)
Cons 10 (T/D)
Cons 10 (Intact)

82.5
79
75
72
81
78.25

Type A
Type A
Type A
Type A
Type A
Type A

79.5
74.25
72
69
78
74.25

Cons 1 (T/D)

70

Type A

67

Cons 1 (T/D)

72.75

Type A

69.75

Cons 6 (T/D)
Cons 10 (T/D)

76.5
76.5

Type A
Type A

73.5
73.5

6
5

4

3
2
1
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Fig. 4.12: Figure showing low frequency distribution of available radiocarbon dates
to constrain lobe ages.
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Estimated Sedimentation Accumulation Rate (SAR) and Inferred Age Control
Four different total times of deposition (T) of lobes corresponding to the four different
SARs estimated for Lobe 24 are shown in Table 4.3. Duration of deposition corresponding to
SAR obtained from T = 1000 yrs produces most reasonable results compared to other Ts
obtained from T = 4000 yrs, 3000 yrs and 2000 yrs (Table 4.3). For lobes as old as 22.5 ka and
older (Lobes 24 through Lobe 1, in decreasing order of numbers), the estimated ages and
corresponding sea level elevations correspond reasonably well with existing knowledge about
sea level record during the last glacial cycle. However, for lobes younger than 22.5 ka, lobe ages
are considerably younger than expected for their corresponding clinoform break elevations. For
example, an age of 6.0 ka is estimated using an SAR of 2.5 x 105 m3/yr for Lobe 39 with
clinoform break at 126 m bpsl (Fig. 4.11B). This anomalously young estimated age for > 120 m
deep clinoform break suggests that SARs derived from Lobe 24 are too small for the younger
lobes constructing the western depocenter of the Lagniappe delta. In addition, Lobe 24 has a
strong marine influence (evidenced by abundance of shell fragments in core MP288) suggesting
that its environment and rate of deposition was different from the lobes at western depocenter
that shows a strong fluvial character (based on core MP303 sedimentologic analysis) (Kohl et al.,
2004).
Seismic stratigraphic relationships show that lobes with deeper clinoform breaks (100 120 m, Table 4.2) are younger than Lobes 23 and 24 (dated as 22.5 ka by cores MP303 and
MP288, respectively, Table 4.1). Because the SAR derived from Lobe 24 does not predict
reasonable ages for these younger lobes, the SAR was adjusted so that the clinoform break
elevations would match the present understanding of relative sea level history post-22.5 ka (e.g.
Shackleton, 1987; Waelbroeck et al., 2002; Peltier and Fairbanks, 2006).
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On the basis of

Table 4.3: Time of deposition of all lobes based on four views on the durations for the deposition of
Lobe 24 (4 ka, 3 ka, 2 ka and 1 ka). Unreasonable estimated time of deposition ~ 10 ka and larger are
shaded. Most reasonable estimates correspond to 1 ka duration.
Lobe

Dep. Time: 4 ka
4
3
SAR: 0.63 x 10 m /yr

Dep. Time: 3 ka
4
3
SAR: 0.85 x 10 m /yr

Dep. Time: 2 ka
5
3
SAR: 1.2 x 10 m /yr

Dep. Time: 1 ka
5
3
SAR: 2.5 x 10 m /yr

45
44
43
42
41
40
39
38
37
36
35
34
33
32
31
30
29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1

743
743
743
2229
32851
8213
14303
14303
10838
9899
4458
9548
22731
4458
15588
9548
9548
6351
5908
3744
3603
4000
3000
4561
1731
4197
1631
3643
2979
4443
1956
1956
1956
3513
2317
1359
6303
7983
7489
1975
6674
11092
2405
2405
3845

557
557
557
1672
24638
6160
10727
10727
8129
7424
3343
7161
17048
3343
11691
7161
7161
4763
4431
2808
2702
3000
2250
3421
1298
3148
1198
2732
2234
3332
1467
1467
1467
2634
1738
1019
4727
5987
5617
1481
5006
8319
1804
1804
2883

371
371
371
1114
16425
4106
7151
7151
5419
4950
2229
4774
11366
2229
7794
4774
4774
3175
2954
1872
1801
2000
1500
2280
866
2099
766
1821
1489
2222
978
978
978
1756
1159
680
3151
3992
3745
987
3337
5546
1203
1203
1922

186
186
186
557
8213
2053
3576
3576
2710
2475
1114
2387
5683
1114
3897
2387
2387
1588
1477
936
901
1000
750
1140
433
1049
333
911
745
1111
489
489
489
878
579
340
1576
1996
1872
494
1669
2773
601
601
961
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existing sea level records, the youngest possible age for sea levels lowered up to 120 m would be
16 ka cal BP (Shackleton, 1987). Assuming that the deepest lobes were deposited prior to 16 ka,
a more appropriate flux for all lobes younger than 22.5 ka is obtained by assuming that the
deposition of all “younger” lobes continued from 22.5 ka to 16 ka (a total period of 6570 years).
The SAR was calculated by dividing the total volume of all lobes up to 126 m deep and younger
than Lobes 23 and 24 (dated as 22.5 ka, Table 2) by 6570 years. The resulting SAR used to
calculate the ages for these “younger” lobes was 16.5 x 105 m3/yr.
Table 4.4 summarizes all lobe Ts derived from the two different fluxes, 2.5 x 105 m3/yr
for lobes as old as 22.5 ka and older, and 16.5 x 105 m3/yr for lobes younger than 22.5 ka lobes
(Lobes 23 and 24). Estimated lobe ages from radiocarbon dates and flux along with their
inferred sea level elevations are also shown in Table 4.4.
Temporal and Spatial Progression of Lobes
The Lagniappe lobes considered in this study are estimated to range in age from 38.0 ka
to 18.0 ka (Table 4.4). The estimated age of T/D surface of each lobe was plotted against
corresponding sea level elevation to evaluate the predicted relative sea level changes through
time (Fig. 4.13). A 2-point moving average has been fit to the data points that define the relative
sea level curve at the Lagniappe (Fig. 4.13). The relative sea level curve has been divided into
three sections, Segment 3 from 38.0 ka to 28.0 ka, Segment 2 from 28.0 ka to 22.0 ka, and
Segment 1 from 22.0 ka to 18.0 ka. Only segment 2 of the curve is constrained by the available
age control.
In Segment 3 (Fig. 4.13), relative sea level falls 10 m from 37.0 ka cal BP to 28.0 ka cal
BP. During this time, lobes were being deposited on the inner continental shelf. Although lobes
at the eastern and central part of the delta retained most of their sediments and hence were
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Table 4.4: Estimated lobe ages in calendar years, duration of lobe deposition and inferred sea level.
Ages for lobes shaded were derived from a higher rate of deposition (16.5 x 105 m3/yr), whereas
other lobe ages were derived from Lobe-24 (1 ka) rate of 2.5 x 105 m3/yr
Lobe
45 – Fig. 11A, B
44 – Fig. 11A, B
43 – Fig. 11A, B
42 – Fig. 11A, B
41
40
39 – Fig. 10A, B
38
37
36 – Fig. 8A, B
35
34
33 – Fig. 8A, B
32 – Fig. 11A, B
31
30
29
28 – Fig. 9A, B
27
26 – Fig. 8A, B
25
24 – Fig. 2
23 – Fig. 8A, B
22
21 – Fig. 9A, B
20
19
18
17
16
15
14
13
12
11
10 – Fig. 2
9 – Fig. 2
8 – Fig. 7A, B
7
6
5
4 – Fig. 6A, B
3
2
1 – Fig. 6A, B

Total Time of Deposition
186
186
186
557
1254
170
546
546
414
378
170
364
867
170
595
364
364
242
225
143
1500
1000
901
1140
433
1049
433
911
745
1111
489
489
489
878
579
340
1576
1996
1872
494
1669
2773
601
601
961

Estimated Age (cal BP)
17930
18115
18301
18487
19044
20298
20468
21014
21014
21182
21427
21477
21560
21598
21768
21841
22206
22328
22345
22427
22570
22570 – True Age
22570 – True Age
23089
23364
23471
23796
24229
24520
24593
25140
25629
26118
26522
26821
27400 – True Age
27740
29315
31311
31311
33184
34852
36423
37024
37625
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Inferred Sea Level (m bpsl)
93
94.5
93.75
99
121.87
120
123
106.12
107.62
109.87
104.25
96
102.25
100.12
92.25
92.25
91.41
82.25
88.87
93.75
87
86.25
86
86.5
87.12
89.25
76.5
82.25
78
76.5
84.75
79.5
78
88.87
80.25
79.37
87.75
83.66
76.5
73.25
76.875
78.75
67
69.75
73.5

subsequently eroded (Fig. 4.14A). The sea level in Segment 2 dropped 15 m from 80 m at 26.0
ka cal BP to 95 m at 22.0 ka cal BP. As a result, the delta prograded seaward and westward,
depositing lobes in the central part of the delta and at the MP303 core site during this stage (Fig.
14B). The progradation direction of the delta during Segment 3 and Segment 2 of relative sea
level curve was predominantly southwesterly (Fig. 4.14A, 4.14B). Segment 1 of the curve
shows that the relative sea level was at its minimum (121 ± 2 m) from 20.5 ka cal BP to 19.0 ka
cal BP (Fig. 4.13). A characteristic of the curve is the rapid change in relative sea level elevation
(~30 m) going into (from 22.5 ka cal BP to 20.5 ka cal BP) and coming out (from 20.5 ka cal BP
to 18.0 ka cal BP) of the LGM. The rapid fall in sea level was accompanied with construction of

Fig. 4.13: Relative sea level curve for the Lagniappe delta obtained from estimated
ages and sea-level elevations corresponding to morphology of delta lobes. Lobes
with true radiocarbon ages are shown in red squares.
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several outer shelf and shelf-edge lobes at the western depocenter (Fig. 4.14C). The deepest of
the shelf edge lobes were probably deposited during the LGM maximum lowstand.

The

progradation direction of these youngest lobes was towards the southeast.
DISCUSSION
Ravined and Subsided Clinoforms Overestimate Paleo Sea Level Elevation
The absence of aggradational stratal patterns overlying clinoform surfaces indicates that
post-abandonment aggradation was not a major factor.

Instead, most clinoforms are

demonstrably ravined surfaces that have not been preserved by rapid flooding.

In these

instances, a ravined clinoform provides an overestimation of the paleo sea level elevation.
Although the paleo sea level could have been shallower than indicated by the ravined clinoform,
the paleo water level could not have been deeper. The precise amount of erosion affecting the
delta clinoforms cannot be determined, but can be determined for some by clinoform geometry
reconstruction. The Holocene lobes of St. Bernard Delta may have experienced as much as 2 m
of ravinement within less than 2000 years under marginal sea level rise (see Chapter 3 of this
dissertation). In addition, since the maximum difference between an intact intra-lobe clinoform
break and the lobe‟s upper boundary clinoform break is approximately 3 m (Table 4.2), the likely
uncertainty in relative sea level estimates associated with post-abandonment ravinement is at
least 3 m. One problem with this approach is that the possibility of any highstand within a
falling stage of sea level is excluded. Therefore, in terms of possible error associated with the
relative sea level change record of the Lagniappe Delta, the elevations of ravined clinoform
breaks probably are too deep on the order of 2 – 3 m. Given that the deepest clinoform break
observed is at 126 m (Lobe 39, Fig. 4.10B) and that this clinoform is ravined, the maximum
post-LGM relative sea level rise for the area is 123 m ± 2 m.
101

102

Fig. 4.14A: Progradation direction map showing delta development during Section 3 of RSL curve. The eastern subdelta was built through a network of distributaries from a major southeastern distributary.
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Fig. 4.14B: Progradation direction map showing Lagniappe delta development during Section 2 of RSL curve. Lobes in
the central part and MP303 core site were deposited during this stage.
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Fig. 4.14C: Progradation direction map showing Lagniappe delta development during Section 1 of RSL curve. Shelfedge at the western sub-delta was built during this stage, which corresponds to the LGM (OIS 2).

The time progression of relative sea level changes indicated from clinoform break
elevations obviously includes subsidence and isostatic components. Two types of subsidence
rates might be associated with the Lagniappe delta deposits – long-term (10 ka – 10 Ma) rates of
0.15 m/ka owing to regional shelf subsidence and compaction, and short-term (1 a – 10 ka) rates
of 0.9 m/ka corresponding to local isostatic subsidence in response to sediment loading (Fillon et
al., 2004). Based on the above subsidence rates, a 20 ka-old delta lobe would subside about 12
m due to short-term and long-term processes [(0.15 m/ka x 20 ka) + (0.9 m/ka x 10 ka) = 12 m].
In addition to the subsidence adjustments outlined above, uplift of up to 5 m at the Lagniappe
Delta could be associated with flexural loading due to sediments delivered by the Mississippi
River (Simms et al., 2007).

Thus, the Lagniappe relative sea level estimates might have

uncertainties of up to 12 m due to subsidence and up to 5 m due to flexural uplift. Due to these
competing influences that might be associated with the Lagniappe Delta, relative sea level
estimates cannot be uniquely corrected for subsidence and isostasy.
The Lagniappe Delta Relative Sea Level Record Reproduces Major Features of the LGM
The timing and rates of relative sea level change are not well constrained because only
three lobes are directly dated. In other words, Lobes 25 to 45 could be much younger than
shown on Figure 4.13 by simply using a slower SAR. The same reasoning applies for the older
lobes – Lobes 1 through 9. Despite the paucity of chronologic control and the aforementioned
uncertainties associated with clinoform ravinement and subsidence, the overall pattern and
magnitude of relative sea level changes at the Lagniappe Delta reproduces three key features
observed on most eustatic and relative sea level records for the latter part of the last glacial
eustatic cycle: 1) a 30-m relative sea level fall; 2) a „short-lived‟ lowstand; and 3) a +30-m
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relative sea level rise (Fig. 4.13, 4.15). This pattern indicates that clinoform breaks can be used
to create RSL curves even if corrections are needed for ravined clinoforms.
Late-Stage (Post-22.5 ka) Relative Sea Level Fall Suggests Significant Isostatic Influence
The primary weakness of the Lagniappe relative sea level record concerns the age
assignment for the lobes that are not directly dated. The segments that are not well constrained
pre-date 27.0 ka and post-date 22.5 ka, however the Lagniappe relative sea level segment from
27.0 – 22.5 ka is precisely dated. The relative sea level rise indicated by the latter part of the
Lagniappe sea level record, i.e., lobes 42 through 45, are most likely coincident with the rapid
high-amplitude relative sea level rise that ended the LGM starting at approximately 16 ka.
During 27.0 – 22.5 ka, corresponding to lobes 10 through 24, the Lagniappe record indicates
only slight relative sea level fall. This is in sharp contrast to other relative sea level and eustatic
records that indicate a rapid, high-amplitude fall (Fig. 4.15). Moreover, the Lagniappe Delta
record suggests that a high-amplitude (30 m) relative sea level fall affected this region sometime
after 22.5 ka. On the other hand, other sea level records indicate maximum stillstand with only
slight change throughout the remainder of OIS 2, i.e., from 22.5 – 16 ka. Irrespective of how one
assigns ages for Lagniappe lobes 25 through 41, i.e. post-22.5 ka, the falling stage portion of the
curve cannot be made to match the pattern seen on any other eustatic or relative sea level change
record. These disparities suggest that the northeastern Gulf of Mexico margin experienced
significant isostatic adjustments that were not in phase with a conventional interpretation of other
relative sea level and eustatic change data. In other words, there appears to be a significantly
delayed isostatic response in the Gulf of Mexico. It is not possible to uniquely explain how the
Lagniappe Delta relative sea level record could be consistent with the various other estimates of
eustatic and/or relative sea level change. Clearly, additional chronologic control is needed for
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Fig. 4.15: Comparison of Lagniappe relative sea-level curve with relative sea level and eustatic records from other parts of the world.
The LGM lowstand of 120m at Gulf Mexico compares well with other curves. The red line represents 2-point average for the
Lagniappe data. The purple curve is the eustatic curve proposed by Peltier and Fairbanks (2006) based on ICE 5G (VM2) model.

lobes in the Lagniappe area to more precisely define the age and rates of change suggested by
Lagniappe clinoforms.

Moreover, the significant disparities between various estimates of

eustatic change (e.g. see the large disparity in the onset of LGM on Fig. 4.15) also precludes the
possibility of developing a unique solution for observations at the Lagniappe Delta. In addition
to needing more data to constrain the age of the Lagniappe system, more relative sea level
change records are required from other areas to discern isostatic from eustatic phenomena.
What follows is one possible scenario to match the Lagniappe Delta relative sea level
change record with the oxygen isotope eustatic record proposed by Waelbroeck et al. (2002).
This scenario is not intended to be unique. Using the age scheme described for this study, the
Lagniappe relative sea level record suggests that maximum lowstand was reached at about 20 ka,
which is 3000 years later than Waelbroeck et al. (2002) estimate. If eustatic changes indeed
corresponded closely to that suggested by Waelbroeck et al. (2002), the disparity with relative
sea level changes at Lagniappe might be due to regional depression. For relative sea level to fall
at a rate slower than eustasy during 27 ka to 22.5 ka, the Lagniappe margin would have to have
been subsiding at a relatively high rate but slower than the rapid eustatic fall of ~ 10 mm/yr.
Although this might explain the shallower sea level elevations (79 – 86 m) between 27 ka and
22.5 ka, it fails to explain the additional 30 m relative sea level fall after 22.5 ka. For relative sea
level to fall after 22.5 ka when eustasy was relatively stable (according to Waelbroeck et al.
curve), the Lagniappe margin would have to have reversed its isostatic depression and
experienced isostatic uplift. The rate of uplift depends on the actual age of lobes 25 to 41 which,
as previously noted, are not well constrained other than needing to be younger than 22.5 ka.
Such a scenario of subsidence followed by uplift might be associated with passage of a
peripheral bulge pass the region. Simms et al. (2007) suggested that a glacio-hydro-isostatic
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uplift of up to 35 m could be associated with the northeast Gulf of Mexico if the Laurentide ice
sheet was much bigger (from 25 to 15 ka) than suggested by earlier models. Recent results from
Ross Sea indicate that the Antarctic contribution to the LGM was much less than previously
indicated (Pariek and Alley, 2001). In other words, more ice volume would have to be located
elsewhere, perhaps in the arctic, if eustatic sea level was indeed 120 m lower. A scenario of
uplift following subsidence might have been possible if there was a time lag between maximum
ice-sheet growth at the poles and uplift of northeast Gulf of Mexico by transported mantle
material from higher latitudes. In other words, after maximum ice volume was reached at 24 ka
(according to Waelbroeck et al., 2002), the mantle started flowing to lower latitudes and took at
least 4 ka to reach the northeast Gulf, uplifting the margin ~ 30 m. Detailed numerical modeling
experiments are required to test the plausibility of this or alternate hypotheses.
The offset of the Lagniappe curve with respect to other sea level records raises concerns
about the accuracy of age control. In other words, parts of the Lagniappe record would be more
closely aligned with other records if ~ 5 ka is added to all ages older than 20 ka. This possibility
seems to be unlikely because the 22.5 ka-age is well constrained by four radiocarbon dates on
two geographically separated lobes (Table 4.2). However, reworking of a younger organism into
an older deposit may be possible by strike-fed transport and slumping of clinoforms. Additional
dates are needed to support the age model.
Another possibility is that LGM indeed began after 22.5 ka. Given the differences
between existing eustatic records, the timing of LGM is not well constrained. The age control at
Lagniappe needs to be further refined by additional radiocarbon dates on all delta lobes to test
the sea level record obtained in this study.
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CONCLUSIONS
The overall match in pattern and magnitude of relative sea level changes at the Lagniappe
Delta suggests that the relationship between clinoform morphology and sea level (defined from
the modern Mississippi Delta) can be used to generate a paleo sea level history for siliciclastic
margins. For example, this study provides a convincing line of reasoning and evidence that
following the LGM, relative sea level at the Lagniappe Delta has risen at least ~ 120 m, which is
in agreement with eustatic estimates derived from other parts of the world. The difference
between the Lagniappe Delta‟s relative sea level curve and other eustatic/relative sea level
change records suggests that there are significant local isostatic adjustments at the Lagniappe for
this sector of the northeastern Gulf of Mexico. This surprising discovery highlights the necessity
of creating a global grid of relative sea level change estimates to understand the differences
between relative and eustatic sea level. This study suggested some possible explanations for the
Lagniappe Delta isostatic history that can be tested with additional ground truth. As with any
other direct method of estimating past sea level changes (e.g. age/depth relationships of corals,
forams), a precise, well constrained and broader chronologic control is needed. Age control at
the Lagniappe Delta is not sufficient to constrain the ages of all the delta lobes. The small range
of possible lobe ages evaluated in this study shows that additional dates on more lobes are
needed to better define the delayed isostatic response at the Lagniappe Delta.
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CHAPTER 5
CRITICAL EVALUATION OF SHELF-MARGIN DELTAS OFFSHORE MOBILE AND
PENSACOLA BAYS, NORTHEAST GULF OF MEXICO

INTRODUCTION
In 1973, Shepard proposed that the present-day shelf edge elevation probably represents a
good estimate of the sea level elevation during the last glacio-eustatic lowstand (LGL). Among
sequence stratigraphers, there is a consensus that the outer continental shelf is constructed by
deltaic processes during the late highstand and earliest lowstand (e.g., Vail et al., 1977;
Posementier and Vail, 1988). It is generally accepted that the lowstand shelf-margin deltas
represent the last significant sedimentation and construction of the shelf edge at the LGL (e.g.,
Anderson et al., 1996, 2004). In terms of general shelf-edge elevations, this assumption seems to
agree with the elevation of LGL deduced from several lines of direct and proxy evidence.
Although a systematic evaluation of shelf-edge depth, age, and construction process has not been
undertaken, many seismic studies show shelf-margin deltas with topsets at ~ 120 m below
present sea level (bpsl).
The situation along the northeast Gulf of Mexico, offshore Mobile and Pensacola bays, is
dramatically different (Bart and Anderson, 2004; Bart and Ghoshal, 2003). Bart and Anderson
(2004) identified two shelf-margin delta sequences offshore Pensacola and Mobile bays. The
shelf-margin deltas exhibit relatively distinct clinoform breaks defined in Chapter 2 of this
dissertation. In the northeast Gulf of Mexico, the continental margin exhibits an overall ramptype geometry, the near surface stratigraphy is undisturbed by faulting (Martin, 1978) and the
shelf area is not underlain by thick salt basins (Bart and Anderson, 2004). Thus, the clinoform
break morphology of near surface units is not affected by salt tectonic and/or other structural
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processes.

Clinoform break elevations of the Pensacola shelf-margin deltas seem to be

significantly shallower than are global estimates of LGL (Lafayette, 2001; Bart and Ghoshal,
2003). The anomalous shallow clinoform breaks may have at least three possible explanations.
In the first scenario, the shelf-margin deltas may have formed at a time when eustatic levels were
higher prior to the LGL i.e., during the late highstand falling stage of the last eustatic cycle. If
the deltas were deposited prior to LGL, then younger deltas corresponding to the LGL should be
observed at lower elevations someplace along the margin. No such evidence has yet been found
in regional seismic profiles from the area. This leaves the following question: Was sediment
supply insufficient to produce a sizeable delta during a relatively short LGL? Or, is it possible
that any LGL features are outside the surveyed area? Conversely, in a second scenario, if the
shelf-margin deltas were deposited after LGL, i.e. during the rising stage, then these deltas may
have been associated with the latter part of melt water pulse 1A (Fairbanks, 1989). If this is true,
then any LGL features might be buried within the area of interest. This raises another question:
Would a small drainage basin (e.g. Pensacola has a drainage basin area of 20,000 km 2) provide
sufficient sediment to maintain an outer-continental shelf coast line position via construction of
shelf-margin deltaic depocenters during the rapidly rising sea level?

A third hypothesis would

be that deltas did form during the LGL, but the region has subsequently experienced significant
isostatic uplift and these features have since been eroded.
The purpose of this study was to compile the paleo sea levels corresponding to the
clinoform breaks of shelf-edge deltas offshore Mobile and Pensacola bays, and critically evaluate
the three scenarios (listed above) concerning the timing of deposition of the deltas based on their
inferred sea level elevations within the context of a conventional view of Late Quaternary
eustatic changes (as proposed by Waelbroeck et al., 2002). Detailed clinoform-break analysis on
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seismic dip and strike profiles across the shelf edge in the study area suggest that shelf-margin
deltas offshore Mobile and Pensacola bays (Bart and Anderson, 2004) are shallower than the
generally accepted ~120 m LGL elevations (e.g. Fairbanks, 1989).
One problem faced here is that direct chronostratigraphic constraints for shelf-margin
deltas evaluated in this study are absent. Age control is based on regional correlations with drill
site MP 303 to the east and three radiocarbon ages from surface sediments overlying the shelfmargin deltas. Bart and Anderson (2004) noted that the regional seismic correlations to MP 303
were difficult to discern and additional age control is required. Older buried seismic units
interpreted as deltas (Bart and Anderson, 2004), show significantly deeper clinoform break
elevations indicating that these units were probably constructed during major lowstands prior to
Oxygen Isotope Stage 2 (OIS 2).
Background
Seven seismic units, interpreted as deltas, have been described in the study area (Bart and
Anderson, 2004; Bart, 1998; Correa-Lafayette, 2001). The oldest units, Units 7 and 6, have a
regional distribution and might have been deposited by a line source as opposed to the pointsourced wedges of Units 5, 4, 3 and 2 (Bart and Anderson, 2004). Unit 1 represents the
backstepped coastal plain, stranded during early transgression subsequent to delta construction at
the shelf edge (Bart and Anderson, 2004; Correa-Lafayette, 2001). Positioning of the prograding
wedges at the shelf edge, seaward dip of the upper bounding surfaces, large thickness (>100 m)
and present day elevation of clinoform breaks of the upper bounding surfaces of Units 5, 4, 3 and
2 suggest that these were probably deposited at or shortly after the culminations of past sea level
falls (Bart and Anderson, 2004). The distinct lobate shape and point-sourced character of Units
5, 4, 3 and 2 suggest a strong fluvial influence during the deposition of the deltas. Regional
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seismic correlation with drill site MP 303 to the east suggests that the Oxygen Isotope Stage 3
(OIS 3) marine flooding surface (S10), defined by Sydow and Roberts (1994), corresponds with
the base of western Unit 2 delta offshore Mobile bay. Bart and Anderson infer that this feature
and another delta offshore Pensacola bay were associated with two active depocenters at the
LGL.
Subsidence Rates Used for the Analysis of Observed Clinoform Breaks
The causes and rates of subsidence along a passive continental margin can vary
significantly over different time scales. The longest term subsidence (at a scale of 10 Myr to 100
Myr; Parsons and Sclater, 1977), attributed to thermal contraction of newly formed crust, is of
the order of 0.02 mm/yr (Pitman, 1978). At a scale of 10 kyr to 10 Myr (Fillon et al., 1971;
Guidish et al., 1984; Wehr et al., 1993), subsidence in the Gulf is caused by 1) normal sediment
compaction due to dewatering, and 2) evacuation of deeply buried salt (Fillon et al., 2004).
Based on regional compilations (Guidish et al., 1984; Wehr et al., 1993; Pratson and Ryan,
1994), Fillon et al. (2004) suggest that the rate of subsidence at these long-term scales is on the
order of 0.15 m/kyr. For the central Texas coast, Paine (1993) surmised that long-term (105
years) subsidence rates do not exceed 0.05 mm/yr, which is 20 – 440 times less than historical
time scales (decades) subsidence rates. At the Louisiana coast, modern day subsidence rates are
suggested to be as high as ~ 16 mm/yr (Dokka, 2006) and are due to regional tectonics, salt
migration, regional warping due to sediment loading and human influence (Penland et al., 1988;
Roberts, 1997; Gagliano, 1999; Dokka, 2006).

Fillon et al. (2004) proposed short-term

subsidence rates (at time scales of 1 yr – 10 kyr) on the order of 0.9 mm/yr. They suggested that
this rate reflects the rapid response times of isostatic adjustment in the mantle owing to 1)
isostatic downwarp induced by rapid sediment loading and 2) episodic slippage of growth faults.
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Because thermal subsidence rates are applicable to newly formed oceanic crust and operate over
tens of millions of years, the rates are extremely slow for Late Quaternary time scales and hence
can be ignored.
The mechanisms causing long-term subsidence (10 kyr – 10 Myr; Fillon et al., 2004) can
also produce significant vertical displacements over short time scales. However, it takes a long
time for these processes to achieve zero displacement (Fillon et al., 2004). As a result, the total
subsidence caused by such processes, averaged over long periods of time, gives a relatively small
rate of subsidence (0.15 m/kyr or 0.15 mm/yr; Fillon et al., 2004). On the other hand, short-term
subsidence processes (e.g. isostatic adjustments and fault-related subsidence) continue for
relatively shorter periods of time, and hence have a higher average rate (0.9 m/kyr; Fillon et al.,
2004). The long-term and short-term subsidence rates suggested by Fillon et al. (2004) were
used in this study.
In the northeast Gulf of Mexico, the crust underlying the shelf edge offshore Mobile and
Pensacola bays is thick transitional crust, whereas the crust underlying shelf edge offshore
Louisiana and Texas is thin transitional crust (Sawyer et al., 1991). The boundary between thin
and thick transitional crust is located between the Lagniappe and Pensacola delta areas, and
appears to correspond to a major tectonic hinge zone in the basement (Buffler and Sawyer, 1985;
Sawyer et al., 1991). Sawyer at al. (1991) define this hinge zone by an overall change in
basement dip that separates more subsided basement (Lagniappe study area) from less subsided
basement (Pensacola study area).

This boundary also corresponds to the early Cretaceous

carbonate platform margin with shallow marine platform carbonates on the northern side and
deep marine carbonates and shales on the southern side (Yurewicz et al., 1993; Sawyer et al.,
1991). It is possible that the present-day shallow elevation of the shelf-edge Unit 2 deltas in
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Pensacola area (with respect to central and northwest Gulf of Mexico) is a result of the isostatic
response of the underlying thick transitional crust, which is cooler and unattenuated, and thus,
tends to subside less compared to its western counterpart (Dunbar and Sawyer, 1987, Sawyer et
al., 1991). However, no studies could be found that quantified or confirmed this hypothesis.
Future studies involving numerical modeling experiments to understand difference in response to
loading of thick transitional crust versus thin transitional crust should be helpful in explaining the
difference in shelf-edge elevations across northeast Gulf of Mexico.
The Lagniappe Delta analysis presented in Chapter 4 of this dissertation shows that there
may be significant isostatic adjustments associated with the northeast Gulf of Mexico. Because a
clear understanding of isostatic processes operating on this margin is not established, the
observed clinoform break elevations will be corrected for ravinement and subsidence associated
with long-term and short-term processes as described by Fillon et al. (2004). It is acknowledged
that the results of this evaluation are highly speculative without a precise understanding of age
and isostatic history of the region.
DATA AND METHODOLOGY
This study is based on the regional framework of previous sequence/seismic stratigraphic
analyses (Bart, 1998; Correa-Lafayette, 2001; Bart and Ghoshal, 2003; Bart and Anderson, 2004)
over a broad sector of the Alabama and western Florida outer continental shelf and upper slope.
Approximately 3000 km of high-resolution seismic data collected from the R/V Lone Star during
the 1994, 1995 and 1996 field seasons were used in this study. Seismic profiles were acquired in
dip and strike orientations at an average spacing of 20 km (seismic data coverage shown in Fig.
5.1). Seismic data was acquired using a single-channel streamer and 15 cubic inch water-gun
source operated at 2000 pounds/square inch (Bart, 1998). The separation between the source and
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Fig. 5.1: Map showing study area, high-resolution seismic data used, outcrop distribution
of units and location of vibra cores. Approximately 2600 km of high-resolution seismic
data have been acquired on the Alabama and western Florida outer shelf/upper slope.
MP303 on the western side of the study area is the location of a core on the Lagniappe
Delta. Red dots represent the cores that were used for radiocarbon dating. Figure is
modified from Correa-Lafayette (2001).
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the receiver was ~5 m. The first arrival is weak and the majority of the wave energy occurs at 20
ms below the first arrival. Correlations were made on the main energy peak and thus 20 ms were
subtracted to account for the main energy arrival occurring 20 ms later than the first energy
arrival (Correa-Lafayette, 2001; Bart and Ghoshal, 2003). A velocity of 1500 m/s was used to
convert two-way travel times to water depth. To ensure that the seismic travel times were
accurate, seismically predicted sea-floor times were calibrated against the water depths predicted
from a Fruno bottom profile taken onboard the Lone Star R/V, as well against bathymetric charts
(Correa-Lafayette, 2001).
Regional seismic-stratigraphic mapping and correlations were compiled from two sets of
interpreted seismic data, one by Bart (1998) at a vertical exaggeration of 7:1, and the second by
Correa-Lafayette (2001) at a vertical exaggeration (VE) of 13:1. For the purpose of this study,
seismic profiles at a VE of 13:1 were more appropriate because they facilitated detailed
examination of individual seismic reflectors with topset-foreset stratal geometries. A total of
seven seismic units have been previously identified. Seismic Unit 2 defines the shelf edge
offshore Mobile and Pensacola bays. The shelf edge in-between these two deltaic depocenters
consists of a cluster of units, Units 3, 4 and 5. Interpretations and corresponding time-structure
and time-thickness contour maps for older units utilized in this study (Units 5, 4 and 3) were
constructed by Bart (1998). For younger units (Units 2 and 1), contour maps created by CorreaLafayette (2001) were used. Units 6 and 7 were not analyzed in detail because most of the
reflections interpreted to be within Units 6 and 7 were below the water-bottom multiple, and are
thus obscured.
Three initial assumptions were made in this study: 1) the present-day shelf-margin delta
geomorphology is a consequence of sea level elevation during a eustatic lowstand; 2) there is a
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unique relationship between shelf-margin delta morphology and sea level elevation, as defined
using the modern Mississippi River Delta (MRD) analog (described in Chapter 2); 3) top
bounding surfaces of shelf-edge deltas represent the final position of paleo sea level before the
delta was abandoned, such that there was no significant post-abandonment ravinement and/or
erosion. The assumptions were critiqued during the data generation/evaluation phase of the
project.
To infer sea level elevation corresponding to every unit, a clinoform break-point was
determined for the top bounding surface of each respective unit from individual transects. In
addition to erosional bounding surfaces of all units and sub-lobes within each unit, clinoform
break points were also obtained from individual non-erosional reflectors with preserved rollover
geometries. For each clinoform, shot-point locations on interpreted seismic profiles and their
corresponding two-way travel time elevations were transferred to an Excel file. The shot point
locations are constrained by GPS and were converted to distance (km) using the map scale.
Elevation in seismic time in milliseconds (msec) was converted to depth in meters (m) using a
sound velocity of 1500 m/s.

Slope and clinoform breaks were obtained using the same

methodology as outlined in Chapter II. Relative sea level elevations at the time of deposition of
the lobes were derived using the clinoform-break and sea level relationship defined from MRD
analog.
Chronostratigraphic constraints on the seismic units identified by Bart (1998) and CorreaLafayette (2001) are based on seismic correlation with a drill site at MP 303 (Sydow and
Roberts, 1994; Roberts et al., 2004) about 80 km west of the study area (Fig. 5.1). At MP 303,
Sydow and Roberts (1994) defined surface 10 (S10) and the overlying pro 10 Lagniappe deltaic
sequence belonging to OIS 2 and 3 (Sydow and Roberts, 1994; Roberts et al., 2004). Surface
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S10 is equivalent to the OIS 3 maximum flooding surface corresponding to a relative highstand
within the last glacial cycle. Seismic correlation of the Alabama and Florida shelf-margin deltas
to the MP 303 is based on three strike-oriented profiles from the outer shelf to MP 303 location
(Bart and Anderson, 2004).
Bart and Anderson (1994) show that at least six seismic units (units 1-6) have significant
outcrop on the outer continental shelf offshore Mobile and Pensacola bays (Fig. 5.1). In 1996,
24 vibra cores were collected in the proposed study area (Fig. 5.1). A survey of the cores housed
at the LSU Department of Geology and Geophysics showed that 10 cores were collected in the
area where Unit 2 outcrops. Relatively few cores sample the top of each of the other seismically
defined units (i.e. seven cores at Unit 1, two cores at Unit 3, two cores at 4 and one core at Unit
5) (Fig. 5.1). Forams from three of these cores (cores 16 and 19 for western Unit 2 and core 13
for Unit 3) were dated to obtain radiocarbon ages for the units. For each core, 4 - 5 cm sections
at the bottom were selected to try to ensure that the cores (< 1 m long) sampled the deltaic unit
instead of the condensed section on top of it. Samples were washed in soap water using a 63μ
sieve and oven dried at 60ºC. To ensure that the organic material chosen for dating was in-situ
and underwent a minimal amount of reworking, fresh-looking, unbroken and un-deformed
samples of the benthic foram Amphistegina gibbosa were hand-picked under the microscope.
Amphistegina gibbosa was one of the most abundant and easily recognizable benthic forams in
the samples. Their modern counterparts live in water depths ranging from 15 – 40 m, preferably
< 30 m. The samples were sent to Beta Analytic Radiocarbon Dating Laboratory for AMS
radiocarbon dating.
To understand the timing of deposition of seismic units 2, 3, 4 and 5, their corresponding
inferred sea level elevations were compared with oxygen isotope sea level records (Shackleton,
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2000; Waelbroeck et al., 2002). Several scenarios concerning possible ages for the deltas and
post-depositional adjustments (due to ravinement and subsidence) were critically evaluated.
RESULTS
Regional Seismic Stratigraphy
On the basis of regional reflectors bounding progradational strata, Bart and Anderson
(2004) subdivided the near-surface stratigraphy into seven seismic units numbered from the top
down, such that the oldest unit is labeled Unit 7. For each unit, internal stratification (using the
interpreted seismic grid) and clinoform break elevations were evaluated. Figure 5.2 shows the
location of dip- and strike-oriented seismic profiles referred to in the following sections. The
dip-oriented profiles show the overall topset-foreset prograding geometries of the different units.
The strike-oriented profiles show the stratigraphic relationships between the units and also
demonstrate the point-source character of the prograding wedges (Bart and Anderson, 2004).
Along each profile, the locations of cross-lines are shown on the top of the profile. The unit sublobes are numbered such that higher numbers represent older relative ages.
Unit 7
Unit 7 has a regional distribution across the study area (Bart and Anderson, 2004). Its
upper bounding surface generally lies below 250 ms travel time, and is mostly below the waterbottom multiple. The internal seismic character of the unit was obscured and hence difficult to
deduce in most places (Fig. 5.3, 5.5). No clinoform break information was obtained for this unit.
Unit 6
Similar to Unit 7, Unit 6 mostly underlies the water bottom multiple, and hence not many
unobscured clinoform breaks were observed. The seismic reflectors within Unit 6 generally have
a progradational pattern, best seen in the western part of the area (Figs. 5.3, 5.4, 5.5, 5.6 and 5.7).
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Fig. 5.2: Location of the seismic profiles related to the figures. Seismic lines are strike- and dip-oriented relative to the
SW-NE shelf edge orientation. Figure modified from Correa-Lafayette (2001).
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Fig. 5.3: Line drawing of strike-oriented seismic profile FLAA-18 showing regional distribution of all major units. Unit 2
on the east covers eastern depocenter reaching the shelf edge. Sublobes 3.2 and 3.3 could not be distinguished on this line.
No clinoform breaks were obtained for unit 5 since the reflections were weak.
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Fig. 5.4: Dip-oriented seismic profile FLAA-17 is the westernmost seismic profile shown. Two sublobes of unit 2 can be seen sublobe 2.1 at the shelf-edge and sublobe 2.2 at location of cross-line FLAA 18. Figure modified from Correa-Lafayette (2001).
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Fig. 5.5: Line drawing of dip-oriented seismic profile FLAA-05. Western unit 2 sublobe W2.2 is shown. The clinoform break
is at 95m bpsl. At cross-line location of profile FLAA 18, clinoform breaks are shallower (~ 85m). These shallow clinoforms
are also seen in strike-oriented seismic profile FLAA 18.

Seismic profile FLAA 05 (Fig. 5.5) shows topset of the Unit 6 upper bounding surface at about
150 m water depth (above the multiple), but the internal reflectors are poorly imaged. On strikeoriented seismic profile FLAA 18 (Fig. 5.3), the Unit 6 topset is at ~ 150 m and younger units 5,
4 and 3 onlap its foreset. The faintly imaged clinoforms suggest progradation to the east.
Unit 5
The Unit 5 prograding wedge is identified on three dip-oriented seismic profiles (profile
FLAA 14, Fig. 5.7; FLAA 13 and FLAA 11, Fig. 5.8) and four strike-oriented profiles (profiles
FLAA 18, Fig. 5.3; FLAA 43, Fig. 5.10; FLAA 31 and FLAA 03). On dip-oriented profiles,
Unit 5 shows seaward prograding clinoforms that in some cases seem to belong to separate sublobes defined by an internal topset surface (FLAA 11, Fig. 5.8). Figure 8 also shows a major
channel that has eroded some of the units producing the seismic reflectors of Unit 5 and older
strata. On strike-oriented profiles FLAA 18 (Fig. 5.3) and FLAA 43 (Fig. 5.10), Unit 5 shows
well-developed bi-directional clinoform sets that represent progradational centers of different
sub-lobes of the unit.
Three sub-lobes were identified based on their seismic character and clinoform break
elevations. On FLAA 43, sub-lobe 5.1 has clinoform break elevations of 128 m and 133 m (Fig.
5.10). Sub-lobe 5.2 on profile FLAA 14 (Fig. 5.7) and profile FLAA 13 has clinoform breaks at
water depths of 141 m and 135 m respectively. Sub-lobe 5.3 in profiles FLAA 31 and FLAA 03
show much deeper clinoform breaks (150 m). On dip-oriented profile FLAA 11, this deeper sublobe, 5.3, forms the shelf edge and shows a clinoform break at a water depth of 146 m (Fig. 5.8).
Sub-lobe 5.2 is further updip on profile FLAA 11, and hence is obscured by the water-bottom
multiple (Fig. 5.8).
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Fig. 5.6: Line drawing of dip-oriented seismic profile FLAA-15. Unit 2 sublobe W2.3 shows 120 m deep clinoform break.
The sublobe also shows clinoforms with shallower breaks in the vicinity of cross-line FLAA 18. Unit 2 shows internal
downstepped deltas with toplap terminations. Figure is modified from Correa-Lafayette (2001).
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Fig. 5.7: Line drawing of dip-oriented seismic profile FLAA-14. Both Unit 1 and Unit 2 are shelf-perched at this location.
Unit 4 defines the shelf edge, with CFB at 124 m. Onlapping wedges and bottomsets are visible on the upper slope.
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Fig. 5.8: Dip-oriented seismic profile FLAA-11. Both Unit 1 and Unit 2 are shelf-perched at this location. Units 3 and 5
form the shelf edge. Sublobe 3.1 of unit 3 shows parallel reflectors suggesting aggradational pattern.

Unit 4
Unit 4 was identified on 6 seismic profiles, dip profiles FLAA 14 (Fig. 5.7), FLAA 13
and FLAA 08, and strike profiles FLAA 18 (Fig. 5.3), FLAA 31and FLAA 30. On dip-oriented
profile FLAA 14 (Fig. 5.7), Unit 4 seaward prograding clinoforms at the shelf edge are truncated
at the topset. Along strike, bi-directional clinoforms of the unit are seen on profile FLAA 18
(Fig. 5.3), which downlap on Unit 6 and Unit 5 upper bounding surfaces.
Based on their seismic stratigraphic relationships and clinoform break elevations, three
sub-lobes were interpreted within Unit 4 (sub-lobes 4.1, 4.2 and 4.3). The clinoform break
elevations of sub-lobe 4.3 on profiles FLAA 14 and FLAA 08 are 124 m bpsl (Fig. 5.7) and 126
m bpsl, respectively. This interpretation is supported by strike profile FLAA 30 on which Unit 4
(at cross line locations of FLAA 14 and FLAA 08) seems to be the same lobe with no erosional
surface separating clinoform sets. Regional strike-oriented profile FLAA 18 (Fig. 5.3) shows
clinoform break depths at 143 m (at location of FLAA 13) and 129 m (at location of FLAA 08)
on the western and eastern ends of the lobe respectively. The 14 m difference in clinoform break
elevations suggests that they may belong to different sub-lobes, but due to poor seismic signal at
this location, such an interpretation could not be confirmed. It is suggested that sub-lobe 4.2
(younger than sub-lobe 4.3) consists of a Unit 4 clinoform set in profile FLAA 13 (at 141 m) and
clinoforms at the western end of Unit 4 on profile FLAA 18 (clinoform break at 143 m). Profile
FLAA 31 shows clinoform breaks at water depths of 157 m and 154 m, which probably belong
to a younger sub-lobe, sub-lobe 4.1.
Unit 3
This unit is identified on two dip-oriented profiles (FLAA 08 and FLAA 11, Fig. 5.8) and
four strike-profiles (FLAA 26, Fig. 5.9; FLAA 43, Fig. 5.10; FLAA 18, Fig. 5.3 and FLAA 31).
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Fig. 5.9: Strike-oriented seismic profile FLAA-26. The figure represents a segment of the seismic line showing the separation
between western and eastern Unit-2 depocenters on a middle shelf position. Unit 1 covers both Unit-2 depocenters. The
eastern delta shows downlapping seismic reflections relating to several episodes of fluvial lateral accretion. No clinoform
break points could be obtained from this line. Figure is modified from Correa-Lafayette (2001).
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Fig. 5.10: Strike-oriented seismic line FLAA-43, located on the middle continental shelf. Bidirectional downlap defines
several progradational centers and deltaic lobes of the Unit-2 eastern depocenter. Unit 2 downlaps Units 3 and 5. Unit 3
sublobes are also seen here. Figure modified from Correa-Lafayette (2001).

Three sub-lobes were defined in the unit based on partially truncated internal topset surfaces with
clinoform breaks. Sub-lobe 3.1 is the youngest (defined by Bart, 1998), mostly underlying Unit
1 and comprised of even subhorizontal parallel continuous reflectors of ~ 5 – 25 m (Fig. 5.3, 5.8,
5.10) (Correa-Lafayette, 2001). No clinoform breaks were obtained for this sub-lobe because no
erosional bounding surface is present, and hence this sub-lobe probably represents a thick marine
section following abandonment of sub-lobes 3.2 and 3.3. Sub-lobe 3.2 shows clinoform break
elevations of 94 m (FLAA 11, Fig. 5.8), 93 m (FLAA 26), 95 m and 97 m (FLAA 43, Fig. 5.10)
and 94 m (FLAA 18, Fig. 5.3). Sub-lobe 3.3, which is the oldest sub-lobe of Unit 3, has much
deeper clinoform breaks at water depths of 120 m (FLAA 08), 121 m (FLAA 18, Fig. 5.3) and
127 m (FLAA 31).
Unit 2
Seismic character of Unit 2 is described in detail in Correa-Lafayette (2001) and hence is
not discussed here. Bart (1998) and Correa-Lafayette (2001) suggested that shelf margin deltas
at Mobile and Pensacola depocenters are coeval and comprise Unit 2. This interpretation is not
confirmed by the data re-analyzed in this study and hence they were evaluated as western and
eastern components of Unit 2.
The western Unit 2 delta is imaged by dip-oriented profiles FLAA 37, FLAA 17 (Fig.
5.4), FLAA 05 (Fig. 5.5) and FLAA 15 (Fig. 5.6), and strike-oriented profiles FLAA 18 (Fig.
5.3) and FLAA 03. This unit is comprised of at least four sub-lobes. Sub-lobe W2.4 is the
oldest and westernmost lobe with clinoform break at 113 m and 114 m below present sea level
(bpsl). Sub-lobe W2.3 is the next younger sub-lobe with clinoform break at a water depth of 120
m (FLAA 15, Fig. 5.6). Immediately to the west is sub-lobe W2.2 with a clinoform break at 83
m bpsl in profile FLAA 18 (Fig. 5.3) and 95 m bpsl in profile FLAA 05 (Fig. 5.5). The youngest
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sub-lobe W2.1 is westward and seaward of W2.2 and shows a clinoform break elevation of 92 m
on profile FLAA 17 (Fig. 5.4). The sub-lobe distribution matches with the Unit 2 subdivision
suggested by Bart (1998).
The eastern Unit 2 delta is located to the east of the cluster of Units 3, 4 and 5. Seven
different sub-lobes comprise this unit. Sub-lobe E2.5 is the oldest sub-lobe of the cluster and
shows a clinoform break elevation of 85 m on profile FLAA 43 (Fig. 5.10). To the west is the
younger sub-lobe E2.4 that also has a clinoform break at 85 m bpsl on profile FLAA 43 (Fig.
5.10).

Seaward, is sub-lobe E2.3, which shows bi-directional clinoforms suggesting a

progradational center of a fluvially-dominated depositional environment (Fig. 5.11).

The

clinoform break of this sub-lobe is at a water depth of 94 m on line FLAA 21 (Fig. 5.11), 94 m
on profile FLAA 18 (Fig. 5.3) and 101 m on profile FLAA 48. Sub-lobe E2.2 is landward of
E2.3 and shows clinoform breaks at 72 m (FLAA 43, Fig. 5.10; FLAA 47, Fig. 5.13) and 82 m
(FLAA 18, Fig. 5.3). To the west is sub-lobe E2.1 with clinoform breaks at water depths of 79 m
(FLAA 07, Fig. 5.12), 79 m (FLAA 09) and 75 m (FLAA 47, Fig. 5.13). Sub-lobe E2.6 and
E2.7 to the east show clinoform breaks at elevations of 60 m on profile FLAA 23 and 82 m on
profile FLAA 25 respectively.
In Unit 1, the downlap limit occurs at water depths ranging from 75 m to 45 m (CorreaLafayette, 2001), and deeper depths are found on the eastern side of the study area. Figure 5.14
shows the spatial distribution of clinoform breaks for all sub-lobes corresponding to units 2, 3, 4
and 5. Western Unit 2, with sub-lobes W2.4, W2.3, W2.2 and W2.1, characterizes the shelf edge
offshore Mobile bay. A shift in progradation direction from southeasterly (corresponding to sublobe 2.3) to southwesterly (sub-lobe 2.1) is indicated by the orientation of sub-lobe clinoform
breaks and their progradation directions. The shelf-edge offshore Pensacola bay is constructed
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Fig. 5.11: Dip-oriented seismic profile FLAA-21. Sublobe E2.3 and E2.5 of Eastern unit-2 are correlated on this
line.Unit-2 seismic reflectors downlap seaward and terminate in toplap against the upper delta plain surface. Figure
modified from Correa-Lafayette (2001)
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Fig. 5.12: Dip-oriented seismic profile FLAA-07 showing the Unit-2 eastern depocenter. Shelf edge is defined by
sublobe E2.1 of unit 2 at ~ 80 m. Internal reflectors within Eastern unit 2 show step-like geometry with eroded tops,
suggesting a relative sea level fall. Figure is modified from Correa-Lafayette (2001).
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Fig. 5.13: Dip-oriented seismic profile FLAA-47. Unit 1 covers Eastern unit 2 reaching the shelf edge at ~75 m. Sublobes E2.1
and E2.2 of unit 2 are seen here with progradational clinoforms. Bottomsets and onlapping wedges are visible in the upper
slope. Figure is modified from Correa-Lafayette (2001).

from eastern Unit 2 sub-lobes E2.5, E2.4, E2.3, E2.2 and E2.1. Sub-lobes E2.6 and E2.7
construct the shelf-edge offshore Choctawachee bay (Fig. 5.14). The sub-lobes belonging to
units 3, 4 and 5 form a cluster between eastern and western Unit 2 with predominantly southerly
to southeasterly progradation directions.

Most of the sub-lobe clinoform breaks show a

basinward convex geometry suggesting a fluvially-dominated depositional regime. Sub-lobe
clinoform break elevations derived from individual transects indicate that within each unit,
younger sub-lobes tend to be deeper corresponding to a relative sea level fall (Fig. 5.14).
Table 5.1 summarizes sub-lobe clinoform break elevations derived from all transects,
their morphologic type and corresponding sea level elevations. For most sub-lobes, clinoform
break observations were made from more than one intersecting seismic profiles, which vary in
depth from 4 m – 20 m (Table 5.1). The 20 m variability is recorded in sub-lobe 2.3. To derive
a corresponding sea level for this sub-lobe, the deeper clinoform break (120 m) was used because
the shallower clinoform break elevation (98 m at FLAA 18, Fig. 5.3) does not represent the
seaward-most clinoform of the sub-lobe (FLAA 15, Fig. 5.6). The deeper clinoforms at the shelf
edge section of the sub-lobe indicate that the relative sea level dropped after constructing the 98
m clinoform. For all other sub-lobes with clinoform breaks varying from 4 m to 7 m (Table 5.1),
an average clinoform break was used to derive a corresponding sea level elevation for these sublobes. This strategy was used for two reasons. First, differences of up to 5 m could have been
associated with differential rates of erosion at different parts of the sub-lobes due to the direction
of incoming wind and ocean currents. For example, the eastern side of a sub-lobe would be
expected to be ravined more than the western side because the dominant wind-driven currents in
the northeastern Gulf propagate from east to west.

Hence an average clinoform break

corresponding to the whole sub-lobe would minimize the effects of modifications due to erosion
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Fig. 5.14: Composite map with all mapped sublobes of units 5, 4, 3, western unit 2 and eastern unit 2. Clinoform break
(CFB) elevations at the sublobes are shown in meters.

Table 5.1: Results obtained from clinoform break analysis of Units 2 (W), 2 (E), 3, 4 and 5
Unit

Lobe

2 (Wn del)

Type

SL (m)

92

A

89

W2.2

FLAA 18

83

89

89

A

86

FLAA 05

95
113

120

A

117

114

114

A

111

81

79

A

76

75

81

B

74

96

94

A

91

E2.2

E2.3

FLAA 18

98

FLAA 15

120

FLAA 03

120

FLAA 37

113

FLAA 34

114

FLAA 07

79

FLAA 09

79

FLAA 47

75

FLAA 43

72

FLAA 43

72

FLAA 18

81

FLAA 18

94

FLAA 21

94

FLAA 48

101

E2.4

FLAA 43

85

85

85

B

78

E2.5

FLAA 43

85

85

85

B

78

E2.6

FLAA 23

60

60

60

A

57

E2.7

FLAA 25

82

80

82

A

79

FLAA 18

75

FLAA 03

82

FLAA 43

97

95

95

A

92

FLAA 26

93

FLAA 43

95

FLAA 11

94
123

120

A

117

156

155

A

152

142

142

A

139

126

126

A

123

149

150

B

143

138

138

A

135

131

131

A

128

3.2

3.3

4.1
4.2
4.3

5

Preferred CFB

92

E2.1

4

Av CFB (m)

92

W2.4

3

CFB (m)

FLAA 17

W2.3

2 (En del)

Seismic Profile

W2.1

5.1

5.2
5.3

FLAA 18

94

FLAA 08

120

FLAA 18

121

FLAA 31

127

FLAA 31

157

FLAA 31

154

FLAA 13

143

FLAA 18

141

FLAA 14

124

FLAA 08

126

FLAA 18

129

FLAA 11

146

FLAA 31

150

FLAA 03

150

FLAA 14

141

FLAA 13

135

FLAA 43

128

FLAA 43

133

145

without requiring elimination of individual data points. The net result would be to calculate
paleo sea levels that are lower than those that existed. Second, the difference in clinoform break
water depths could be related to the environment of deposition. For example, in the modern
MRD, clinoform breaks at distributary mouth bars are ~ 5 m shallower than those in
interdistributary bays (Chapter 2). Instead of using any one observation corresponding to a sublobe that might belong to a single distributary or interdistributary environment, an average is
inclusive of the variability in clinoform breaks corresponding to different environments of
deposition.
Radiocarbon Dating Results
To better understand age relations between western Unit 2 and Unit 3, forams from vibra
cores collected at locations where these units subcrop (Fig. 5.1) were dated. The vibra cores
used for dating were about 1 m long and are likely to have penetrated only the condensed section
on top of the units as opposed to the units themselves.

The results indicate that surface

sediments at western Unit 2 are 5.5 to 6.5 ka cal BP, whereas surface sediments at Unit 3 are 9.4
to 9.8 ka cal BP (Table 5.2).
Relative Sea Level Changes Corresponding to Units 5, 4, 3 and 2
Figure 5.15 shows changes in paleo sea level elevations derived from clinoform breaks of
individual sub-lobes for each unit based on the relative ages of the units and their sub-lobes. No
direct age relationship between western and eastern Unit 2 is required by the regional
stratigraphy. A younger relative age for western Unit 2 is interpreted primarily on the basis of its
clinoform break elevation. Units 5 and 4 exhibit the deepest sea level elevations. However,
these numbers must be corrected for post-abandonment adjustments, due to ravinement and/or
subsidence, to obtain meaningful conclusions about the timing of deposition of these units. The
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Core #

FLAA 13

FLAA 16

FLAA 19

Beta Number

Beta-207844

Beta-207845

Beta-207846

8580 +/- 50 BP

4900 +/- 40 BP

5620 +/- 40 BP

Unit 2
(West)
Unit 2
(East)

Measured C14 Age

Unit 3

Unit

calendar years BP were used.

-0.8 o/oo

+0.3 o/oo

-0.2 o/oo

C13/12 Ratio

6020 +/- 40 BP

5310 +/- 40 BP

8990 +/- 50 BP

Conventional C14 Age

Cal BP 6520 to 6340

Cal BP 5740 to 5590

Cal BP 9840 to 9410

Age in Calendar Years @ 2-sigma

Table
Results
fromfrom
radiocarbon
dating. dating.
No reservoir
correctioncorrection
was appliedwas
to the
measured
C-14
ages. C-14 ages. Ages in
Table2:5.2:
Results
radiocarbon
No reservoir
applied
to the
measured
Ages in cal years BP were used.
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Fig. 5.15: Relative changes in sea level based on relative ages of the different units, and corresponding sublobes
within each unit. Relative ages of sublobes E2.7 and E2.6 in Eastern unit 2 are speculative. Sublobe W2.4
within Western unit 2 could belong to one of the older units.

pattern of relative sea level changes for units 5 and 4 is that of a relatively gradual sea level fall
followed by a rapid rise, similar to δ18O sea level records (Shackleton, 2000; Waelbroeck, 2002).
Paleo sea levels corresponding to units 4 and 5 are significantly deeper than 120 m (Fig. 5.15)
and thus these units may have been associated with earlier lowstands and/or perhaps the units are
of LGL age, but have subsided significantly. Significant hiatuses corresponding to flooding
events subsequent to abandonment of the units are interpreted between Units 2 (En), 3, 4 and 5.
DISCUSSION
Sub-Lobes and Clinoform Break Elevations for the Different Units
Each unit is composed of multiple sub-lobes, indicating that the fluvial deltaic deposition
of the units was not continuous, but rather was punctuated by local periods of erosion and nondeposition. The spatial distribution of sub-lobes within each unit (Fig. 5.14) suggests that these
were a result of a local compensational stacking phenomenon (Sydow and Roberts, 1994;
Roberts et al., 2004). Sub-lobe W2.4 is included within the western Unit 2 delta on the basis of
its location and the fact that it is stratigraphically younger than regional Units 6 and 7. CorreaLafayette (2001) suggests that this delta lobe corresponds with the western delta of Sager et al.
(1999) and the pro 20 clinoform package of the Lagniappe delta (Sydow and Roberts, 1994).
Based on regional seismic correlations with MP 303, it is interpreted to be older than the western
Unit 2 delta because, 1) S10 amalgamates with the top of this delta lobe, and 2) Unit 2 strata
onlap S10 (Bart, 1998; Correa-Lafayette, 2001).

The eastern delta of Sager et al. (1999)

corresponds with western Unit 2 in the study area comprising sub-lobes W2.3, W2.2 and W2.1
(Correa-Lafayette, 2001).
Eastern Unit 2 is interpreted to be composed of 7 sub-lobes. Among these, sub-lobes
E2.6 and E2.7 do not show any direct correlation with the cluster of eastern Unit 2 sub-lobes.
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They are placed in this unit because they are located at the shelf edge and are stratigraphically
stacked above Unit 3, and hence are younger than Unit 3. They could have been deposited either
contemporaneous with other eastern Unit 2 sub-lobes, or earlier or later.
The upper bounding surfaces used for clinoform break analysis of the different units are
erosional surfaces that truncate the underlying delta clinoforms. The relationship between delta
morphology and sea level was defined based on intact rollover points of the modern MRD.
Thus, clinoform break water depths associated with the shelf-margin deltas analyzed in this study
overestimate corresponding paleo sea level elevation with respect to today‟s sea level, i.e., the
paleo sea level had to be shallower than predicted in this study from clinoform break elevation
data.
The erosional seismic character of sub-lobe bounding surfaces suggests there may have
been significant removal of sediment post-dating the formation of sub-lobe clinoforms. As a
delta plain subsides and shoreline retreats landward with coast-line retreat, the zone of stormwave-base influence migrates landward producing a widespread ravinement surface (Miner et
al., 2007).

All sediments above the depth of the ravinement surface are reworked, while

sediments below are preserved (Demarest and Kraft, 1987). The depth to the shoreface toe
approximates the depth to storm wave base, which is the best maximum estimate of shoreface
ravinement (Swift, 1968), but the actual depth depends on local conditions. Rodriguez et al.
(2001) suggested that the depth of ravinement currently varies along the Texas coast from –6 m
in east Texas to –15 m in south Texas. In south Louisiana (west of the modern MRD), the depth
of ravinement ranges from 10 to 16 m (Miner et al., 2007). Although the Gulf of Mexico is a
low energy, low tidal range (< 1 m) region, strong hurricanes such as Katrina can cause storm
surges of > 10 m above sea level (Fritz et al., 2007), which may cause significant modification of
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deltaic morphology and redistribution of sediments. The above studies suggest that clinoforms
can get modified within water depths up to 16 m owing to ocean currents and storms, but these
constraints cannot be used to indicate how much sediment was removed from the topsets of
clinoforms. It is unlikely that deposits formed during a sea level lowstand could have 16 m of
subsidence because the Gulf of Mexico is a low-energy basin and significant ravinement is
perhaps only associated with occasional storms. The analysis of Holocene MRD lobes (Chapter
3 of this dissertation) indicates that ravinement of up to a maximum of 12 m (if there was no
subsidence) can be associated with a sea level stillstand during the present highstand. For
simplicity of calculations, it is assumed here that up to 10 m of sediments from clinoform topsets
can be removed by post-abandonment ravinement during the time that the delta is being subsided
and sea level is rising.
A comparison between non-erosional intact clinoform breaks and erosional clinoform
breaks obtained from the same transect and for the same sub-lobe, indicates that the difference
between the two types of clinoform breaks is up to 5 m (Table 5.3). This range cannot be larger
because the clinoform break at the culmination of the sublobe in question is ravined, i.e., the
intact clinoform break was higher. Although this gives an approximate estimate for postabandonment ravinement of clinoforms in the study area, the number of observations is too small
to derive conclusions applicable to all the units. One way to understand the degree of postconstruction modifications by ravinement would be to character match the erosional clinoforms
with intact clinoform geometry to estimate the position of the „true‟ clinoform break of the
erosional clinoform before it was ravined. This could not be established here because the
number of intact clinoforms was too small to provide a good match for all different kinds of
clinoform shapes and inclinations. Also, shapes and dips of clinoforms vary over a wide range
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Table 5.3: Shows difference in intact clinoform breaks and erosional
clinoform breaks from four seismic transects
Seismic Profile

Seismic Unit

Erosional CFB (m)

Intact CFB (m)

FLAA 05

Western Unit 2

110

FLAA 09
FLAA 11

Eastern Unit 2
Unit 5

94
146

FLAA 21

Eastern Unit 2

110

112
112.5
95
147
150
105

for the same delta system as exemplified by the different kinds of clinoform morphologies found
in the modern MRD (Chapter 2, this dissertation).
Onlapping wedges are observed on several seismic profiles in the study area. Assuming
that these wedges are mostly comprised of sediments eroded from the topsets of the erosional
clinoforms, the volume of the onlapping wedges would approximate the volume of sediment
removed. However, volume estimates of the onlapping wedge could not be calculated because
the seaward limit of the onlapping wedges could not be established. Moreover, it is unlikely
that the onlapping wedges were created entirely from sediment derived directly from the adjacent
shelf.
A velocity of 1500 m/s is used to convert seismic travel time (msec) to depth (m). If the
velocity is assumed to be higher, 1750 m/s, the resultant depth conversions would be deeper than
the elevations of clinoform breaks presented herein. It must be noted here, that shallowest
possible clinoform break elevations are considered for each lobe to predict their corresponding
sea level elevation.
Radiocarbon Dates from Units 2 and 3
Radiocarbon results indicate an age of ~ 5.6 kyr cal BP (core 16) and ~ 6.4 kyr cal BP
(core 19) for sub-lobes W2.3 and W2.2 of the western Unit 2. The clinoform breaks of the two
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sub-lobes are at water depths of 120 m (sub-lobe W2.3) and 92 m, resulting in corresponding
relative sea level elevations of 117 m and 89 m, respectively. Sea level curves (e.g., Fairbanks,
1989) suggest that from 5.5 – 6.5 kyr BP, sea level was ~10 – 15 m below present day sea level
(bpsl). This yields three possibilities, 1) the area subsided ~ 100 m in 5.5 to 6.5 kyr, requiring
anomalously high subsidence rates (15 - 18 mm/yr) (Fig. 5.16A), 2) the dates do not represent in
situ material, or 3) the short vibra cores did not penetrate the units, but only sampled the
condensed section on top. The previous section on subsidence rates demonstrates that highest
subsidence rates in the northeast Gulf of Mexico have been calculated at the modern MRD
region (up to 16 mm/yr) on a scale of few decades (Dokka, 2006). Such high rates have been
attributed to movement along major faults in the region (Gagliano, 1999; Dokka, 2006). This
does not seem likely to be representative of old shelf margin deltas in the present study area that
are associated with deposition occurring over a time scale of several thousand years. Moreover,
the seismic interpretations do not show evidence of any significant faults in the study area. The
modern benthic foram Amphistegina gibbosa lives in water depths of 15 – 40 m. If we assume
that the dated forams lived at water depths of 40 m, corrected sea levels would be 77 m (117 – 40
m) and 49 m (89 – 40 m) for the cored material at sub-lobes W2.3 and W2.2, respectively. If the
radiocarbon dates represent true ages of the sub-lobes, then the subsidence must be of the order
of 10-11 mm/yr, which seems too high (Fillon et al., 2004).
The relative sea level curve proposed by Fairbanks (1989) shows that geomorphic
features found at water depths of 90 – 120 m were formed 14 - 18 kyr BP. McBride (1998)
performed a detailed study of the MAFLA sand sheet extending over Alabama and Florida
continental shelf and reported dates ranging from 2310 – 9650 BP about 20 km north of the
study area (Fig. 5.16B). The above arguments suggest that the forams dated are younger in age
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Fig. 5.16A: Figure modified from Fairbanks (1989) showing present day elevations of
western unit 2 and unit 3 dated in this study. The difference between expected sea level if
the C-14 dates represent true ages of the units, and the present day elevation of the units
suggests anomalously high subsidence.
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than western Unit 2 sub-lobes and were probably transported at least 15 km from a landward
location to the shelf-edge delta region. Given the short length of the cores (~ 1m), a second
possibility could be that the forams are in-situ, but the cores did not penetrate the western Unit 2
delta. Instead, the cores only penetrated the condensed section on top of the unit, which is ~ 1 –
2 m thick, and could not be resolved by the seismic data. It is thus concluded that the deltas are
much older than 5 - 6 kyr BP.
Inferred Timing of Deposition of the Different Units
To infer the timing of the prograding wedges forming the shelf-edge offshore Mobile and
Pensacola bays, paleo sea level derived from clinoform breaks was compared with the oxygen
isotope sea level record (Waelbroeck, 2002; Shackleton, 2000; 1987).

Several possible

explanations for the data exist. One possibility is that all the seismic units (e.g. Units 2, 3, 4, and
5) belong to the OIS 3 to OIS 2 sea level lowering and lowstand. This seems unlikely for two
reasons. First, Units 4 and 5 have clinoform break elevations that are too deep (> 150 m) for the
LGL lowstand. Such an age assignment would require scenarios of either anomalously high
subsidence rates, or significant ravinement, or a combination of both to account for a 30 m offset
with LGL eustatic estimates. Reasonable total subsidence within this time frame is 12 m, based
on Fillon et al. (2004) rates of subsidence. Secondly, seismic data and time-structure contour
maps (TSCM) of the different units show that the units are separated/bound by regionally
extensive (~ 10s of kms) erosional unconformities (Bart and Anderson, 2004) (Figs. 5.17A,
5.18A, 5.19A, 5.20A). These regionally extensive unconformities indicate that abandonment of
each of these units was followed by a substantial period of non-deposition in the outer shelf and
shelf edge (probably corresponding to a rapid relative sea level rise), as opposed to the
phenomenon of local abandonment and compensational stacking of delta lobes (as seen in the
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Fig. 5.16B: Figure showing a comparison between locations of dates obtained by McBride
(1998) - shown in black - and the ones obtained in this study - shown in red. Figure is
modified from McBride (1998).
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Lagniappe Delta system, Chapter 2).

In addition, the units are > 100 m thick (Figs. 5.17B,

5.18B, 5.19B, 5.20B), indicating that they were deposited during extensive periods of sediment
deposition corresponding to different Late Quaternary eustatic lowstands. If it is assumed that
all the units (i.e. units 2, 3, 4 and 5) were deposited during the same lowstand, then this would
require invoking anomalously high rates of sedimentation to produce five major deltas, each >
100 m thick (i.e. a total of > 500 m of sediments in ~ 5000 years, corresponding to LGL, roughly
resulting in a rate of ~ 200 x 109 m3/yr, higher than the Mississippi River sediment yield).
Unit 1
Previous workers (Bart and Anderson, 2004; Correa-Lafayette, 2001) have suggested that
shelf perched Unit 1 represents a backstepped package due to the rapid rise in relative sea level
during melt water pulse 1-B (Fairbanks, 1989), and thus belongs to OIS 1 (Waelbroeck, 2002).
Unit 2
It is suggested here that Unit 2 depocenters in the east and west are not coeval. This is
based on two observations. First, clinoform break elevations of western Unit 2 delta are deeper
than eastern Unit 2 (Table 5.1, Fig. 5.15) and given their proximity, different directions and rates
of isostatic adjustments could not have been possible between the two units. Secondly, regional
strike-lines (e.g. FLAA 18, Fig. 5.3; FLAA 26, Fig. 5.9) do not show any direct evidence
indicating that they should belong to the same unit. The regional strike lines illustrate that they
are spatially and stratigraphically distinct entities separated by Unit 1 or Unit 3, and are
stratigraphically younger than Units 3, 4 and 5, but need not be deposited simultaneously.
Based on inferred paleo sea level elevations (Table 5.1) derived from clinoform breaks
of western and eastern Unit 2 deltas, there can only be three possibilities associated with
their timing of deposition: pre-LGL, post LGL or during the LGL.
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Fig. 5.17B: Time-thickness contour map for unit 2 (western and eastern deltas combined). Thickest portions of depocenters
correspond to sublobes of the two units. Westernmost sublobe of western Unit 2 delta has not been mapped. Western Unit 2
is ~187 m thick, whereas eastern unit 2 is ~75 m thick. Figure is modified from Correa-Lafayette (2001).
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Fig. 5.18A: Time Structure contour map for top of unit 3. Map shows location of clinoform break points and corresponding
progradation directions for 2 of its 3 sublobes.
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Fig. 5.18B: Time thickness contour map of unit 3. Unit is thickest at the location of western sublobe 3.3. Maximum
thickness is ~120 m (innermost contour is 160 msec). Slope channel erodes into the unit.
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Fig. 5.19A: Time Structure contour map for top of unit 4. Map shows location of clinoform break points for the 3 sublobes, and
also progradation direction corresponding to the sublobes based on their clinoform dip directions on the seismic profiles.
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Fig. 5.19B: Time thickness contour map of unit 4. Unit is thickest at the location of stacked sublobes. Maximum thickness of
the unit is 105 m (140 ms).
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Fig. 5.20A: Time Structure contour map for top of unit 5. Map shows location of clinoform break elevations for the sublobes,
and also progradation direction corresponding to the sublobes based on their clinoform dip directions on the seismic profiles.
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Fig. 5.20B: Time Thickness contour map of unit 5. Thickest parts of the unit correspond to the sublobes. Maximum thickness
is 135 m for sublobe 5.3 and 105 m for sublobe 5.1.

Because the western and eastern Unit 2 deltas are the youngest prograding wedges in the
study area, and are at elevations of 60 m and lower today, it has been suggested that they were
constructed during OIS 2 (Bart and Anderson, 2004; Correa-Lafayette, 2001). However, sea
level elevations associated with eastern Unit 2 range from ~ 60 – 90 m (Table 5.1), which
corresponds with OIS 3 sea level (Waelbroeck, 2002; Shackleton, 1987, 2000; Chappell et al.,
1996). The possibility of eastern Unit 2 being post-LGL is discounted here because it would
hard to explain how a small drainage basin of the Pensacola river (20,000 km2) could provide
sufficient sediment to maintain an outer-continental coast-line position and construct a sizeable
shelf-edge delta (~ 150 m thick, Fig. 5.18B) during rapidly rising sea level (Bart and Ghoshal,
2003). Such a scenario would require extremely high sediment yield to construct a delta thicker
than the MRD during a time when eustasy was rapidly rising. The drainage basin would have to
have yielded ~ 2 m of sediment evenly eroded from throughout the drainage basin (estimate
based on volume estimate of 40 km3 for eastern Unit 2, Correa-Lafayette, 2001).

If the

Pensacola River constructed the eastern Unit 2 delta during OIS 3, perhaps there was no
significant sediment brought by the river to construct a delta during OIS 2. The possibility that
eastern Unit 2 was also constructed during the LGL lowstand, but was subsequently uplifted is
discounted here because the western Unit 2 clinoform breaks are much deeper (15 – 30 m) and a
differential in uplift between the two areas could not have been possible given their proximity
and same underlying basement.

Blum and Tornquist (2000) suggested that due to cooler

temperatures during the LGL, rivers might not have produced enough sediment to construct a
delta. The present study could not resolve this controversy, and precise age dating is required to
understand the timing of deposition of Unit 2.
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Western Unit 2 shows sea level elevations ranging from ~ 85 – 117 m (Table 5.1), which
suggests that it was constructed during OIS 2 when sea levels were relatively lower. The
shallower sea levels in this unit are associated with the younger sub-lobes, suggesting that sublobes W2.2 and W2.1 were deposited during the rising stage subsequent to maximum lowstand.
If the delta has subsided by about 12 m since 20 kyr (using Fillon et al., 2004 subsidence rates),
then the corrected sea levels would be ~ 73 – 105 m that would still place western Unit 2 within
OIS 2. If a correction of 10 m (due to ravinement) is applied to these estimates, the resultant sea
levels would be 63 – 85 m. These inferred sea level elevations indicate that there may not have
been major sedimentation on the outer continental shelf in the study area during culmination of
the last maximum lowstand. Such a scenario might have been due to either, 1) a shift in
depocenter location to the west after constructing ~ 190 m thick delta (Fig. 5.18B), and/or 2)
sediment supply was insufficient to produce a sizeable delta at this location during the relatively
short LGL. Another possible scenario is that delta construction began during the falling stage of
OIS 2, continued through the LGL, and terminated during the rising stage. If this is true, sublobes younger than W2.3 should be present with deeper offlap breaks. No such evidence was
found in the interpreted seismic grid used for this study (Bart, 1998; Correa-Lafayette, 2001).
Another scenario to explain these data is that the delta was deposited during LGL but has been
uplifted at least 35 m (120 – 85 m, for sub-lobe W2.3) in the past 20,000 years. Given the
significant isostatic adjustments effecting the relative sea level history at the Lagniappe (Chapter
4 of this dissertation), this scenario seems to be likely. A differential in uplift between the
Lagniappe area and the area of interest is possible because of the underlying thin attenuated
continental crust in the Lagniappe area as opposed to thick attenuated crust under the present
study area. The difference between the deepest clinoform break at Lagniappe (126 m) and the
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deepest western Unit 2 clinoform break (120 m) suggests that the northeast Gulf east of
Lagniappe may have been uplifted 6 m relative to the Lagniappe Delta area.
Table 5.4 summarizes the subsidence and ravinement correction made to inferred sea
levels of the three units. The corrected sea levels were compared with Waelbroeck et al. (2002)
oxygen isotope record to predict possible timing of deposition for Units 3, 4 and 5.
Unit 3
Because it is stratigraphically older than eastern Unit 2, the seismic character and paleo
sea level elevations associated with Unit 3 indicate that it was deposited during a sea level
lowstand, perhaps earlier than OIS 2 (Table 5.4). Assuming that Unit 3 was deposited during
OIS 4, its corrected sea level elevations would be 64 m for sub-lobe 3.2 and 87 m for sub-lobe
3.3 (Table 5.4).

The corrected sea levels correspond to OIS 4 on the eustatic curve of

Waelbroeck et al. (2002) (Fig. 5.22), but may belong to OIS 3.
Unit 4
Present day elevations of Unit 4 clinoform breaks are significantly deeper (Table 1)
suggesting that they were probably deposited during an older lowstand (Waelbroeck, 2002;
Shackleton, 2000). Unit 4 was probably not deposited during OIS 2, OIS 3 or OIS 4, because its
subsidence and ravinement corrected sea levels are too deep for all of these stages. However, its
corrected sea level for OIS 6 (Table 5.4) corresponds well with eustatic estimates by Waelbroeck
et al. (2002), suggesting that the sub-lobes were probably constructed during the falling limb of
the OIS 6 eustatic lowstand (Fig. 5.22).
Unit 5
Unit 5 is stratigraphically older than Unit 4 and exhibits significantly deep clinoform
break elevations (Table 5.1), hence it could have been formed during late OIS 6, OIS 7 or OIS 8
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Table 5.4: Shows evaluation of Units 3, 4 and 5 inferred sea levels based on subsidence
rates by Fillon et al. (2004) and ravinement of 10 m. The corrected sea levels were
compared with Waelbroeck et al. (2002) oxygen isotope sea level record.
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Fig. 5.21: Inferred ages of units based on relative sea level curve from Waelbroeck et al.
(2002) and Shackleton (2000). Figure is modified from Waelbroeck et al. (2002).
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8 (Waelbroeck, 2002) (Fig. 5.22). Subsidence and ravinement adjusted sea levels for Unit 5
sublobes leave all the above three possibilities concerning the timing of Unit 5 open.
Although ages of seismic units have been inferred in this study based on the clinoform
break strategy, this age assignment could be flawed due to unknown isostatic adjustments that
might have affected the clinoform breaks, or more than one unit could have been formed during
the same sea level lowstand. Precise chronologic control by direct age dating is necessary to
confirm any of the scenarios presented above. It must be noted here that corrections applied for
those sea levels corresponding to sub-lobes were maximum due to ravinement and subsidence.
No post-abandonment isostatic adjustments due to isostatic uplift were considered because
glacio-hydro-isostatic uplift in this region is not well understood.
CONCLUSIONS
The significant variability in clinoform break elevations of western and eastern
depocenters offshore Mobile and Pensacola bays, respectively, indicate that they are not coeval.
The eastern delta was probably constructed during OIS 3, whereas the western delta was formed
during OIS 2. Critical evaluation of relative sea level elevation of the older units suggests that
each was deposited and abandoned during earlier eustatic lowstands than OIS 2, Unit 3 probably
corresponds to the OIS 4 or the OIS 3, Unit 4 to the OIS 6 lowstand and Unit 5 could have been
constructed during the late OIS 6, OIS 7 or OIS 8 lowstand. The age assignments presented here
must be considered speculative and require confirmation via direct age dating of the deltas.
The clinoform break strategy is most applicable for delta systems formed during the last
lowstand because post-abandonment adjustments for this time period are better constrained than
any of the earlier lowstands, which would help constrain uncertainties associated with the
clinoform break elevations of erosional surfaces.
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CHAPTER 6
OVERALL CONCLUSIONS
The detailed bathymetric analysis of the modern Mississippi River Delta (MRD) shows a
distinct relationship between delta morphology and sea level elevation. This opens up the
possibility of reconstructing relative sea level history from siliciclastic margins where shelfmargin deltas have been identified and described. However, application of this strategy requires
detailed knowledge about stratigraphy and age of the delta system.
Study of the Holocene lobes 8 and 9 belonging to the St. Bernard delta complex of the
MRD suggests that during prolonged periods of sea level stillstand, such as the present
highstand, delta clinoforms can be ravined and subsided significantly.

Delta clinoforms

associated with the Lagniappe delta and shelf-margin deltas offshore Mobile and Pensacola bays
also show evidence of ravinement.

Therefore, ravinement can be significant even when

abandonment is followed by rapid, high-amplitude relative sea level change. At least for the
northeast Gulf, major post-abandonment modification has been subject to ravinement and
erosion as opposed to aggradation. Although it is not possible to determine the exact amount of
sediment removed due to ravinement after construction of a delta clinoform, the several intact
clinoforms at the Lagniappe provide some constraints on the degree of error due to ravinement
(up to 3 m) associated with Lagniappe sea level estimates. However, for the shelf-margin deltas
offshore Mobile and Pensacola bays, the uncertainties in sea level estimates associated with
ravinement could not be well constrained due to a paucity of intact clinoforms.
A precise knowledge about age of the delta clinoforms is necessary to apply the
clinoform break strategy to predict paleo sea level changes. In the absence of age control, for
example at the shelf-margin deltas offshore Mobile and Pensacola bays, relative sea level history
176

derived from clinoform breaks may not be predicted accurately, because magnitude of
subsidence and ravinement cannot be precisely constrained. However, it can still provide clues
concerning the timing of formation of delta lobes based on comparison with existing eustatic
records, such as predicted at northeast Gulf of Mexico offshore Mobile and Pensacola bays. The
results obtained from this area further suggest that the clinoform break strategy can be best
applied on deltas that were constructed and abandoned during the Last Glacial maximum (LGM),
since post-abandonment modifications associated with the last glaciation are better understood
than earlier lowstands.
At the Lagniappe delta, some age control is available, but it is not sufficient to constrain
the ages of all data points used to construct the relative sea level curve. For this reason, rate of
sediment accumulation was used as an alternative to obtain a time-progression of sea level
estimates derived from delta lobe clinoform breaks. The timing associated with Lagniappe
relative sea level history does not match other eustatic curves, however, the pattern, magnitude
and rates of change of Lagniappe relative sea level curve correspond well with those predicted
from eustatic curves. This disparity suggests that the differences are probably due to local
isostatic adjustments at the Lagniappe owing to response of the underlying basement to loading
and unloading of ice, sediment and water.
The disparity between LGM timing predicted by the Lagniappe relative sea level curve
from a eustatic curve shows that the eustatic sea level history can be significantly affected by
isostatic adjustments, and therefore highlights the need for a global grid of relative sea level
observations to adequately evaluate at a consensus regarding post-LGM sea level history and
Earth‟s isostatic response to sea level change.
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APPENDIX 1: MISSISSIPPI DELTA CROSS-SECTIONS
This appendix shows all the bathymetric cross-sections that were generated for the
modern Mississippi River Delta analysis. For each cross-section, the methodology to pick
clinoform break, type of morphology and clinoform break elevation are shown. Most of the
cross-sections have a vertical exaggeration of 80:1. The cross-sections are shown starting from
next page.
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APPENDIX 2: DATA SMOOTHING BY LINEAR SPLINE AND RUNNING AVERAGE
For each cross-section, the raw data obtained from RiverTools was smoothed by linear
spline method. To compare the smoothing done by linear spline with a running average, a few
cross-sections were also smoothed using a 5-point running average. The comparison indicates
that the two methods of smoothing yield similar results. Some examples are shown below:
1. Cross-section 11, Sector 1 (Numbered 11 in Appendix 1)
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2. Cross-section 36, Sector 1 (Numbered 36 in Appendix 1)
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3. Cross-section 13, Sector 2 (Numbered 53 in Appendix 1)
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4. Cross-section 25, Sector 2 (Numbered 65 in Appendix 1)
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5. Cross-section 29, Sector 2 (Numbered 68 in Appendix 1)
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